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ABSTRACT
Construction practitioners have their goals to complete projects within time without
exceeding the allocated budget. However, studies have shown many projects overrun their
allocated budget and face delays due to numerous reasons. Some of the main reasons are lack of
efficient construction and financial resource management, lack of proper planning, and
unavailability of new construction technologies, as well as ineffective supervision and
communication, design changes, and unskilled workers. In some studies, mobilization costs, along
with the participation of Disadvantaged Business Enterprises (DBEs) in projects were identified
as factors affecting the cost and schedule performance of construction projects. However, no
statistical analysis has yet been done to explore the nature of the relationship that mobilization
costs and DBE participation have on the project performance metrics of highway projects. The
purpose of this study is to analyze highway project data and understand the impact of mobilization
costs and DBE participation on their performance.
The highway project data were collected from the Nevada Department of Transportation
(DOT) and Texas DOT. The statistical analysis of the data did not find any significant correlation
of mobilization costs with project performance metrics, such as construction cost growth, schedule
growth, change order growth, or construction intensity. However, the study found that the highway
projects performed significantly better in terms of schedule growth for projects with mobilization
percentage above 9%. Another analysis of DBE participation data found a significant positive
correlation of DBE participation with schedule growth, and a significant negative correlation of
DBE participation with change order growth. The correlation coefficients of DBE participation
with schedule growth and change order growth from the Spearman correlation test were found to
be 0.28 and -0.27 respectively, which are considered relatively weak correlations, but the results
iii

were found to be significant. A comparative analysis of the projects with and without DBE
participation found that the projects with DBE participation did not perform better in terms of
schedule growth, compared to projects without DBE participation. However, the projects with
DBE participation performed better in terms of change order growth, compared to projects without
DBE participation. Further analysis is required, with more comprehensive highway projects’ data
from other DOTs, to analyze the relationship of mobilization costs and DBE participation with
project performance metrics, along with the factors that affect DBE participation and mobilization
costs. This will provide a clearer picture of the reasons why DBE participation and mobilization
costs affect project performance and help in taking necessary steps to improve project
performance.
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CHAPTER 1: INTRODUCTION
1.1

Research Background
The successful execution of highway construction projects affects the economic

development of any country. The success of any project is measured in terms of cost and schedule
metrics. Projects are designed and planned to be executed without overrunning the estimated
project cost and schedule duration. However, many projects face cost overruns and schedule delays
due to numerous controllable and uncontrollable factors, such as materials cost, labor cost,
equipment availability, technology, and skilled labor. Many unforeseen circumstances cause
projects to run over their planned budgets and schedules.
It has been found that the efficient management of resources, materials and finances, along
with effective construction methods and communication play important roles in completing
construction projects without cost overrun (Meeampol & Ogunlan, 2006). Similarly, problems
with design, documentation, and project management (Rahman et al., 2012), as well as lack of
experience and delay in delivery of materials and equipment, along with inadequate planning and
scheduling, and poor site management and supervision (Memon et al., 2011) were found to be
some of the important factors that affect construction projects’ costs. In similar studies, material
price increases, monthly agency payment issues (Frimpong et al., 2003), project document
inconsistencies , late user changes and, new consultants, along with lack of preliminary
examination before design (Larsen et al., 2015), bureaucracy in the bidding method, and incorrect
method of cost estimation, as well as unexpected site conditions, inflation (Aziz, 2013) and DBE
participation (Kishore & Abraham, 2009) were found to be reasons that caused construction
project cost growth.
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Various reasons affect highway projects to run beyond estimated project duration. Assaf
and Al-Hejji (2006) found that delay in progress payment, poor communication between the owner
and other parties, discrepancies in the design document, shortage of construction materials, and
delays in sub-contractor works, along with legal disputes, were some of the factors that caused
schedule delay in projects. In another study, poor site coordination, substandard contracts, and
owner’s indecision (Doloi et al., 2012) were found to be some of the critical factors impacting
schedule delays in construction projects. Similar studies related to construction projects found lack
of effective communication, as well as design errors (Tumi et al., 2009), a hostile socioeconomic
environment, and project manager’s ignorance (Iyer & Jha, 2006), along with a lack of skilled
workers, lack of proper management and leadership (Rahman et al., 2012), changes in design, a
shortage of resources, and inadequacies of planning (Kaming et al., 1997) also affected project
schedules.
The Disadvantaged Business Enterprise program was initiated in 1980 to establish an
environment where DBEs could compete fairly for DOT highway contracts, as well as transit and
airport projects without any sort of discrimination (US DOT, 2020). The US federal government
has rules and regulations to include and promote the participation of DBEs in highway projects,
as they are not resourceful or well-established compared to larger firms. Some studies suggest that
the rules given by the US government to include DBE firms in construction projects affect the
overall costs and schedules of projects. For example, Kishore and Abraham (2009) found that
meeting DBE requirement goals tends to increase the costs of federally-funded highway projects.
Additionally, Marion, (2007) found that project procurement costs increased when small
businesses were provided 5% bid preferences. It is evident that projects’ costs and schedules
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project are impacted by DBE participation, but a detailed investigation through statistical analysis
is necessary to understand the level of impact of DBE participation has on project performance.
The efficient management of resources, tools, machinery, and skilled workers is necessary
to begin the construction of highway projects, for proper planning and management of financial
resources helps in putting other resources in place. Mobilization cost is a certain percentage of the
contract bid price paid by the owner to the contractor, which is used by the contractor to get the
project started. Mobilization cost helps in improving the finances of the contractor, thereby helping
with the smooth start of the project. Al-Kharashi and Skitmore, (2009) found that contractors in
Saudi Arabia had trouble financing projects when the government stopped advanced payments to
the contractors. Further studies by Afzal et al. (2019) and Hussin and Omran (2009) described the
problems or delays with mobilization advanced payment as major reason behind increase in
projects’ costs and schedule delay. Previous studies on the relationship of mobilization cost with
the performance metrics of highway projects are limited. Detailed statistical analysis will help
practitioners in understating the magnitude of impact that mobilization cost has on highway project
performance.
1.2

Research Objectives
The goal of this study is to find the relationship of DBE participation percentage and

mobilization cost percentage, with the project performance metrics of highway projects. This study
considered construction cost growth, construction schedule growth, change order growth, and
construction intensity as performance metrics to study project performance. There have been no
previous studies done regarding the correlation of DBEs with project performance metrics. This
study expects that DBE participation will help improve the cost and schedule growth of highway
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projects. The projects are split into two groups based on their size: one group includes projects
with completion costs under $5 million; and the other includes projects with completion costs over
$5 million. The impact of DBE participation on highway projects will be studied based on size as
well.
Generally, large contractors who are financially successful are involved in large highway
projects, and therefore, mobilization costs do not have a significant impact on their performance.
However, it is expected that mobilization costs will help small-sized contractors have smooth
execution of highway projects. Therefore, the projects will be analyzed based on size to study the
effect of mobilization cost on project performance. These analyses will make it easier to
understand if the mobilization cost helps contractors to improve the performance of highway
projects. The main objectives of the study are as follows:
1. Determine the correlation of percentage of DBE participation and mobilization cost with
the construction cost growth, schedule growth, change order growth, and construction
intensity of highway projects.
2. Determine if the projects with DBE participation performed better in terms of cost growth,
schedule growth, change order, and construction intensity, when compared with projects
without DBE participation.
3. Determine the percentage of mobilization cost threshold value above which the highway
projects will have better cost growth, schedule growth, change orders growth, and
construction intensity, compared to projects that are under this threshold value.
4. Conclude whether the DBE participation and mobilization costs help contractors to
complete highway projects within estimated costs and durations.

4

Chapter 2 studies the impact of DBE participation on the construction cost growth,
schedule growth, change order growth, and construction intensity of the highway projects, and
Chapter 3 discusses the effects of mobilization cost on the project performance of highway
projects. These chapters are prepared to submit for publication. Chapter 4 includes the conclusions
of the study, along with limitations and recommendations for further study.
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CHAPTER 2: IMPACT OF DISADVANTAGED BUSINESS ENTERPRISES
PARTICIPATION ON HIGHWAY PROJECT PERFORMANCE
Abstract
The Code of Federal Regulations (CFR) 49 Part 26 discusses the participation of
Disadvantaged Business Enterprises (DBEs) on a State Department of Transportation’s highway,
transit, and airport contracts. Any highway or airport project exceeding the contract value of
$250,000 must have a DBE program. Generally, the statue states that not less than 10 percent of
the authorized funds are to be expended with DBEs. Due to this requirement, recently the prime
contractors bidding for state DOT-owned highway contracts have set aside some percentage of
work for DBE firms. Some of the previous studies conducted regarding the involvement of DBE
firms on contracts provided mixed results in terms of construction project success. The research
studies conducted to determine whether the involvement of DBEs in construction of highway
project has any impact on project performance is limited. This study will determine whether the
involvement of DBE firms in construction of highway projects has any impact on the cost growth,
schedule growth, change orders, or construction intensity.
To test the hypothesis, the authors collected and analyzed data from 109 recently completed
highway projects. The results showed that DBE participation has a significant correlation with
construction schedule growth and change orders for highway projects. The study found that
schedule growth increases with an increase in DBE participation, but change order growth
decreases with an increase in DBE participation. The study did not find any significant correlation
of DBEs with cost growth and construction intensity. For the projects with sizes less than $5
million, the study found a significant negative correlation of DBEs with change order growth. The
correlation coefficient of DBE participation with change order growth was found to be 0.22, but
6

the relation was not significant. This study paves the way for further study to understand the factors
behind DBE participation affecting project performance in highway projects, which will help in
forming new rules for better project performance in highway projects with the inclusion of DBE
firms.
Authors’ Keywords: Disadvantaged Business Enterprise, Cost growth, Schedule growth, Change
order growth, Highway projects,
2.1

Introduction
Disadvantaged Business Enterprises (DBEs) are the enterprises, businesses, or firms

owned by economically and socially disadvantaged individuals or groups. These minority-owned
enterprises participate in various construction projects, thereby providing opportunities to minority
populations. These enterprises have made a significant contribution to the economy of the country
and their participation in various projects is promoted by the government through various DBE
rules and regulations. As these business firms are generally small in size, they face numerous
problems that prevent their smooth operation, affect their performance, and business growth
(Shrestha et al., 2016).
The US Department of Transportation (DOT) has designed the DBE program to reduce
discrimination in the federally funded highway, transit, airport, and highway financial assistance
transportation contracting markets around the country. The participation of DBEs has also been
discussed in the Code of Federal Regulations (CFR) 49 Part 26, which states that any State DOT’s
highway, transit, and airport project exceeding the contract value of $250,000 must have a DBE
program, with the inclusion of DBEs in a minimum of 10% of the project amount (US DOT, 2014).
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These rules and regulations for DBEs have pushed the prime contractors who are bidding for state
DOT-owned highway contracts to set aside some percentage of work for DBE firms.
Under the authority of Title VI of the Civil Rights Act of 1964, the DBE program was
started in 1980 as Minority/Women’s Business Enterprise program, and the program has goals to
create an environment for DBEs to compete fairly for DOT contracts, as well as promote the
participation of DBEs in DOT contracts, while ensuring non-discrimination in the award and
administration of DOT-assisted contracts (US DOT, 2020). The Federal Highway Administration
(FHWA) is responsible for implementing the DBE program and making sure the DBE program is
followed under proper rules and regulations, meets the program objectives, and reduces fraud. The
FHWA also makes sure that only qualified DBE firms are involved, and that the enterprises have
proper training and technical qualifications (Ashuri et al., 2019).
Small and minority businesses have grown over the last 10 years, giving job opportunities
to 4.7 million people, with more than four million minority-owned businesses in the United States
(US). Minority business ownership still represents just 18 percent of the total population, which is
very low when compared to 32 percent representation in the entire population. The Minority
Business Development Agency found that the average gross receipts for these business firms has
decreased by 16 percent even though their number has grown by 35 percent (US Senate Committee
on Small Business & Entrepreneurship, 2020).
It is clear that these business firms still have not thrived as expected, even with continuous
support and effort from the government. There are still many issues that need to be addressed to
promote these businesses. A new study is necessary to analyze the impact of DBE participation on
the project performance of highway projects. Many highway projects run into cost and schedule
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overruns due to numerous issues, and many DBEs are involved in these projects. This study
focuses on analyzing the relationship of DBE participation with the cost growth, schedule growth,
change orders, and construction intensity in Nevada highway projects.
2.2

Research Scope and Objectives
This research collected data related to highway projects from Nevada DOT and

investigated the influence of DBE participation on project performance. The study emphasis on
finding the correlation of DBE participation percentage with cost growth, schedule growth, change
order growth, and construction intensity. The main objectives of the study are to:
1. Determine the linear correlation of DBE participation percentage with the construction cost
growth, schedule growth, change order growth, and construction intensity of highway
projects.
2. Determine if the projects with DBE participation performed better in terms of construction
cost growth, schedule growth, change order, and construction intensity, when compared
with projects without DBE participation.
2.3

Literature Review
While DBEs contribute to the country’s economy, they face various restraints that curb their

growth and overall performance in construction, as well as other fields. Several rules and
regulations have been issued to assist DBEs to sustain local businesses and provide opportunities
to disadvantaged groups. Shrestha et al. (2016) conducted a survey among construction and
professional firms in the transportation industry and analyzed the responses of 259 DBE firms
from 38 US state DOTs. The study reviewed 15 factors that affect the performance and growth of
DBEs, the major problem that DBEs face while doing their business, along with the advantages
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and disadvantages of being DBEs and used those factors in the survey. The researchers analyzed
the responses of construction and professional and found that expensive manpower and unskilled
manpower, along with lack of technology were the main reasons behind the slow growth of their
businesses. More bid shopping and competition for less profit were some of the main
disadvantages of DBEs, and increased opportunity for profit and partnering opportunities with
majority business were the main advantages of DBEs.
It has also been reported that state DOTs faced challenges in implementing the DBE
program using Design-Build methods. Ashuri et al. (2019) ran a survey of US state DOTs and
conducted in-depth phone interviews to understand DBE issues in the DB project method. The
study found that lack of information in defining DBE contract goals and recognizing qualified
DBE firms were major challenges for implementing DBE programs. The study also found that
strategies, such as effective communication between project planners and DBE staff, proper
writing in contract documents, and proper monitoring of program compliance, could be useful for
the implementation of DBEs on DB projects.
In another study, Kishore and Abraham (2009) reviewed the cost differences between
locally funded projects and federally funded projects. The authors found that the construction costs
of federally-funded highway projects have higher project costs compared to local-funded projects,
due to the necessity of meeting federal requirements such as meeting Disadvantaged Business
Enterprise(DBE) goals, sticking to specifications for design and materials, along with complying
with environmental codes and regulations. From interviews with Indiana contractors, the authors
learned that an increase in the level of risk might affect higher costs for federally funded projects.
The lower risk in locally funded projects was due to quick decision making by county highway
personnel, as a result of quick access to projects, lower investments at stake, lesser intensive
10

material testing requirements for local projects, and permitted use of easily available and economic
materials.
Marion (2007) conducted a study to determine whether the bid preferences for small
businesses affect government procurement costs. This study analyzed 4136 highway construction
contracts that were awarded by California DOT between May, 1996 and December, 2002, which
contained information regarding the federal aid status of the contracts, as well as project-specific
DBE participation requirements. The researcher found that when small businesses got 5% bid
preferences in auctions for projects, the procurement costs rose by 3.8%. The rise in procurement
cost was due to the lower participation of large firms that could complete the projects at lower
costs.
In another study, Nakabayashi (2013) analyzed Japanese public construction projects to
determine if set-asides for small businesses affect government procurement costs. The data from
15,020 awarded contracts were collected from the Public Works Procurement Information Service
website, which contained the bid results of procurement auctions for civil engineering projects
from April, 2005 to March, 2009. The study showed that the set-aside for small businesses
effectively increased participation from small business by 40%, and minimally affected the
procurement costs. The simulation study showed the production inefficiency caused by set-asides
was overcompensated by increased participation and increased competition from larger business
firms, but if the set-aside is excluded, then it would result in lack of competition, which would
increase government procurement costs more than it would offset the production cost inefficiency.
In the US, Kim and Arditi (2010) used different models, such as Balanced Scorecard, Key
Performance Indicator, and the European Foundation for Quality Management, to compare the

11

performance of DBEs and non DBEs using various factors such as financials, internal business,
customer satisfaction, technological innovation learning and growth, job safety, and quality
management. A list of DBE firms was collected from US DOT websites, and a survey was
conducted among senior and top-level executives to answer the survey questions. Their response
analysis from 135 senior executives found that non-DBE firms performed better compared to DBE
firms in transportation projects. Non-DBE firms were better in terms of finances, technology,
innovation, and customer satisfaction. However, there was found to be no significant difference in
the performance of DBE and non-DBE firms of the same age and size.
Later, Bates et al. (2018) discussed the position of minority-owned businesses in the US.
The researchers found that lack of easy access to funding is a major reason behind the slow growth
of minority-owned businesses, as they often have a difficulty getting bank loans approved, due to
racial discrimination and unfair treatment from banks. The researchers also found that lack of
education and employment in minority communities in the past has impacted their growth, and the
recent trend in their increased participation in businesses is due to transformation, especially driven
by well-educated young individuals.
Past studies have shown the importance of DBE participation in the construction industry.
While researchers have been conducting research to investigate factors that influence DBE
participation, along with their advantages and disadvantages, and the reasons behind their slow
growth, the impact of DBE participation on the performance of highway projects has not yet been
studied. A few studies have identified DBE rules and regulations as one of the reasons behind cost
growth, but a statistical analysis has not been done to determine the relation of DBE participation
with cost growth, schedule growth, construction intensity, and/or change orders. This study
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focuses on determining if DBE participation has any effect on cost growth, schedule growth,
construction intensity, and/or change order in highway projects.
2.4

Research Methodology
Figure 2-1 shows an overview of the methodology that is used in this study. First, literature

review of past studies was done, which helped the authors gaps in the literature, and then the
objectives of the study were finalized. Then a plan was made to collect highway projects data from
Nevada DOT websites, and the project performance metrics (dependent variables) were defined to
determine the relation of dependent variables with the DBE participation percentage. The collected
data were processed and analyzed by performing various descriptive and analytical statistical tests.
The conclusions were deduced based on the results from the statistical analyses.
2.4.1 Data Collection
The data on DBE participation information on highway projects were collected from
Nevada DOT websites. Information on completed construction projects and the ongoing
construction projects were available on the website. The authors collected information regarding
project type and project description, along with the number of bidders, DBE participation amount,
DBE participation percentage, total completion cost, bid amount, number of days the project was
completed in (final completion duration), original number of contract days (bid duration), and
updated contract amount.
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Define Study Objectives

Collect Highway Project Data

Collect Project Performance Data
Collect DBE Participation (%) Data
Develop Project Performance Metrics

Perform Descriptive Statistics

Conduct Statistical Tests

Conclusions and Recommendations

Figure 2-1. Research methodology for DBE participation analysis

2.4.2 Project variables development
In this study, DBE participation percentage is the independent variable, which was
collected from Nevada DOT website project information. The dependent variables are construction
cost growth, schedule growth, change order rate, and construction intensity. The purpose of this
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research is to understand the impact of the DBE participation percentage on project performance
metrics. The dependent variables are calculated using equations based on various project
information collected from the NDOT website, as shown in Table 2-1.

Table 2-1. Project variables of DBE participation data

No

Metric

Equation

Unit

1

DBE
participation
percentage

𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑎𝑚𝑜𝑢𝑛𝑡
∗ 100
𝐵𝑖𝑑 𝐴𝑚𝑜𝑢𝑛𝑡

%

2

Construction
Cost Growth

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 − 𝐵𝑖𝑑 𝐴𝑚𝑜𝑢𝑛𝑡
∗ 100
𝐵𝑖𝑑 𝐴𝑚𝑜𝑢𝑛𝑡

%

3

Construction
Schedule
Growth

𝐹𝑖𝑛𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 − 𝐵𝑖𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
∗ 100
𝐵𝑖𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

%

4

Construction
Intensity

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡
𝐹𝑖𝑛𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

5

Change Order
Growth

𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟 𝐶𝑜𝑠𝑡
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡

$/day

%

2.4.3 Research Hypothesis
This study aims to find the relationship of DBE participation percentage with the cost,
schedule, and change order performance of highway projects. To fulfill these research objectives,
the following research hypotheses are developed:
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1. The construction cost growth of highway projects decreases as the DBE participation
percentage increases.
2. The construction schedule growth of highway projects decreases as the DBE participation
percentage increases.
3. The construction change order growth of highway projects decreases as the DBE
participation percentage increases.
4. The construction intensity of highway projects increases as the DBE participation
percentage increases.
5. The projects with DBE participation perform better in terms of cost growth compared to
projects without DBE participation.
6. The projects with DBE participation perform better in terms of schedule growth compared
to projects without DBE participation.
7. The projects with DBE participation perform better in terms of change order growth
compared to projects without DBE participation.
8. The projects with DBE participation perform better in terms of construction intensity
compared to projects without DBE participation.
2.4.4 Null Hypothesis
The above research hypotheses are converted into null hypotheses for statistical tests. They
are as follows:
Null Hypothesis 1: There is no significant correlation between DBE participation percentage and
construction cost growth. Mathematically it can be written as shown in Equation 1.
𝛽𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑣𝑠.

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑔𝑟𝑜𝑤𝑡ℎ

16

=0

(1)

Null Hypothesis 2: There is no significant correlation between DBE participation percentage and
construction schedule growth. Mathematically, Equation 2 represents the null hypothesis.
𝛽𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑣𝑠.

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝑔𝑟𝑜𝑤𝑡ℎ

=0

(2)

Null Hypothesis 3: There is no significant correlation between DBE participation percentage and
construction change order growth. It can be written mathematically as in Equation 3.
𝛽𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑣𝑠.

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑐ℎ𝑎𝑛𝑔𝑒 𝑜𝑟𝑑𝑒𝑟 𝑔𝑟𝑜𝑤𝑡ℎ

=0

(3)

Null Hypothesis 4: There is no significant correlation between DBE participation percentage and
construction intensity. It can be expressed mathematically as in Equation 4.
𝛽𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑣𝑠.

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦

=0

(4)

Null Hypothesis 5: There is no significant difference in the mean of cost growth for projects with
DBE participation and projects without DBE participation. It can be written mathematically as in
Equation 5.
μ𝐶𝑜𝑠𝑡 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 =
μ𝐶𝑜𝑠𝑡 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛

(5)

Null Hypothesis 6: There is no significant difference in the mean of schedule growth for projects
with DBE participation and projects without DBE participation. It can be written mathematically
as in Equation 6.
𝜇𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 =
𝜇𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛

(6)

Null Hypothesis 7: There is no significant difference in the mean of change order growth for
projects with DBE participation and projects without DBE participation. It can be written
mathematically as in Equation 7.
𝜇𝐶ℎ𝑎𝑛𝑔𝑒 𝑜𝑟𝑑𝑒𝑟 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 =
𝜇𝐶ℎ𝑎𝑛𝑔𝑒 𝑜𝑟𝑑𝑒𝑟 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛
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(7)

Null Hypothesis 8: There is no significant difference in the mean of construction intensity for
projects with DBE participation and projects without DBE participation. It can be written
mathematically as in Equation 8.
𝜇𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 =
𝜇𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝐷𝐵𝐸 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛

(8)

2.4.5 Statistical Analysis
The correlation of DBE participation percentage with construction cost growth, schedule
growth, change order growth, and construction intensity will be conducted either by a parametric
Pearson correlation test or a non-parametric Spearman correlation test. A parametric Pearson
correlation test can be conducted if five assumptions are fulfilled, which are measurement level,
outlier absence, related pairs, linearity, and data normality (StatisticsSolutions, 2020b). All of the
variables are continuous in this dataset, with each project’s data having a pair of values. Outliers
will be removed from the data, and linearity will be checked by plotting scatter plots of DBE
participation percentage with construction cost growth, schedule growth, change order growth, and
construction intensity.
The normal distribution of the variables will be tested using the Shapiro-Wilk test. A
Spearman correlation test will be conducted to test the null hypotheses if any of the five
assumptions are not met (StatisticsSolutions, 2020a). The first four null hypotheses state that there
is no significant correlation of DBE participation with construction cost growth, schedule growth,
change order growth, or construction intensity. The null hypotheses will be rejected if the p-values
of the correlation coefficients are less than 0.05, which ascertains a significant correlation of DBE
participation with the corresponding project performance metrics.
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Then the projects will be split into two groups based on DBE participation and non-DBE
participation, and a test of the difference between the means of project performance metrics of the
two samples will be conducted by either a parametric t-test of mean difference or a non-parametric
Mann Whitney U test. The four main assumptions of the t-test are as follows:
1. One independent variable should be categorical with two levels or groups.
2. There should be one continuous dependent variable.
3. The data should be normally distributed within both groups.
4. The variance of the two groups should be equal (LeardStatistics, 2020a).
DBE participation has different participation percentages. A separate categorical variable
was created to denote data with DBE participation and without DBE participation. Construction
cost growth, schedule growth, change order growth, and construction intensity are continuous
variables. Shapiro Wilk normality test will be done to test normality of the data in both groups. If
the normality test is satisfied, the variance of the two groups is tested by a Levene’s test. Otherwise,
a non-parametric Mann Whitney U test will be used to test if there is a significant difference in
medians of construction cost growth, schedule growth, change order growth, and construction
intensity for projects with DBE participation and without DBE participation (LeardStatistics,
2020b). The null hypothesis will be rejected if the p-values of the test are found to be less than
0.05, which proves that there is a significant difference in the mean values of cost growth, schedule
growth, change order growth, or construction intensity between the projects with DBE
participation and the projects without DBE participation.
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2.5

Results
There were 134 projects with DBE participation information in the data collected from

Nevada DOT. However, some outliers were identified by box plots of DBE participation
percentage, construction cost growth, schedule growth, change order growth, and construction
intensity, and those outliers were removed. Only 109 projects’ data remained after removing the
outliers. Then descriptive statistical analysis was conducted to study the range of the variables.
2.5.1 Descriptive Statistics
The descriptive statistics of the total project completion cost, DBE participation
percentage, and project performance metrics are shown in Table 2-2. The projects were awarded
from 2008 to 2016 with different completion dates. Hence, the project completion costs were
adjusted to January 2020. The minimum project completion cost was $211.3K and the maximum
project completion cost was $73.8 million, with a mean project completion cost of $7.63 million.
The DBE participation percentage ranged from 0% to 15.24%, with a mean value of 3.35%. The
minimum construction cost growth was found to be -21.01%, the maximum construction cost
growth was found to be 39.87%, and the mean construction cost growth was 2.38%. The mean
value of schedule growth was -4.5%. The minimum and maximum schedule growths were 34.44% and 25.0%, respectively. The minimum, maximum, and mean value of change order
growth were -19.95%, 215, and -2.77%, respectively. The construction intensity ranged from
$7.81K per day to $281.8K per day, with a mean value of $60.76K per day.
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Table 2-2. Descriptive statistics of project completion cost, DBE participation percentage , and
project performance metrics
No.
1
2
3
4
5
6

Project variables
Project Completion Cost ($)
DBE Participation (%)
Construction Cost Growth (%)
Construction Schedule Growth (%)
Construction Change Order Growth (%)
Construction Intensity ($K/Day)

Mean
7.63M
3.35
2.38
-4.5
-2.77
60.76

Maximum
73.8M
15.24
39.87
25.0
21.0
281.8

Minimum
211.3K
0
-21.01
-34.44
-19.95
7.81

SD
11.65M
4.0
8.24
12.44
8.00
48.9

DBE firms are generally smaller in size, which generally limits their involvement to smallsized projects. Hence, it is necessary to categorize projects according to their size and conduct
statistical analysis to have a better insight into the relationship of DBE participation with project
performance metrics. For this purpose, the projects were categorized into two groups. The projects
with completion costs less than $5 million were grouped into one group, and the projects with
completion costs greater than or equal to $5 million were categorized into the other.
The descriptive statistics of projects with completion costs less than $5 million are shown
in Table 2-3. The project completion costs ranged from $211.3K to $4.99 million, while the DBE
participation ranged from 0% to 13.91%. As shown in Table 2-3, the project performance metrics
ranged very much like the overall data. The construction cost growth ranged from -21.01% to
39.87%, schedule growth ranged from -34.44% to 25%, change order growth ranged from -19.95%
to 21%, and construction intensity ranged from $7.8K per day to $281.8K per day.
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Table 2-3. Descriptive statistics of project completion cost, DBE participation percentage , and
project performance metrics for project size < $5 million.
No.
1
2
3
4
5
6

Project variables
Project Completion Cost ($)
DBE Participation (%)
Construction Cost Growth (%)
Construction Schedule Growth (%)
Construction Change Order Growth (%)
Construction Intensity ($K/Day)

Mean
1.78M
2.39
1.65
-7.54
-4.12
43.2

Maximum
4.99M
13.91
39.87
25
21.0
281.8

Minimum
211.3K
0
-21.01
-34.44
-19.95
7.8

SD
1.27M
3.52
9.42
12.25
8.65
46.04

The descriptive statistics of projects with completion costs greater than or equal to $5
million are shown in Table 2-4. The project completion cost and DBE participation percentage
ranged from $5.2 million to $73.8 million and 0% to 15.24%, respectively. The construction cost
growth ranged from -4.43% to 16.23%, schedule growth ranged from -26.36% to 23.04%, change
order growth ranged from -10.86% to 11.66%, and construction intensity ranged from $41.6K per
day to $169.3K per day.

Table 2-4. Descriptive statistics of project completion cost, DBE participation percentage , and
project performance metrics for project size ≥ $5 million
No.
1
2
3
4
5
6

Project variables
Project Completion Cost ($)
DBE participation (%)
Construction Cost Growth (%)
Construction Schedule Growth (%)
Construction Change Order Growth (%)
Construction Intensity ($K/Day)
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Mean
19.02M
5.22
3.83
1.4
-0.13
94.9

Maximum
73.8M
15.24
16.23
23.04
11.66
169.3

Minimum
5.2M
0
-4.43
-26.36
-10.86
41.6

SD
14.2M
4.25
5.04
10.69
5.81
34.3

The distribution of the project with different DBE participation percentage range is shown
in Table 2-5. The projects with DBE equal to 0% are the projects without any DBE participation.
There were few project data available in the year 2008 to 2011. Out of 109 projects, there were 1,
0, 7, and 5 projects in 2008, 2009, 2010, and 2011 respectively. However, there are significant
numbers of projects with and without DBE from the year 2012 to 2016 with more than 15 projects
each year. Figure 2-2 shows the distribution of the projects with and without DBE participation.
Figure 2-3 shows the distribution of projects with DBE participation percentage equal to 0%, from
0% to 5%, from 5% to 10%, from 10% to 15%, and greater than 15%.

Table 2-5. Distribution of projects with DBE participation percentage from 2008 to 2016

Year
2008
2009
2010
2011
2012
2013
2014
2015
2016

Total no of
#projects
projects
(DBE = 0%)
1
0
7
5
16
21
24
27
32

1
0
7
5
8
14
13
7
5

#projects
(DBE >0%
and <5%)
0
0
0
0
2
1
4
16
12
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#projects
(DBE >=5%
and <10%)
0
0
0
0
5
1
6
3
9

#projects
(DBE >=10%
and <15%)
0
0
0
0
1
4
1
1
6

#projects
(DBE
>=15%)
0
0
0
0
0
1
0
0
0

No of projects with and without DBE participation

No of Projects

30
25
20
15
10
5
0
2008

2009

2010

2011

2012

2013

2014

2015

2016

Year
# With DBE

# Without DBE

Figure 2-2. Distribution of projects with and without DBE participation

Distribution of DBE participation percentage from 2008 to
2016
No of Projects

20
15
10
5
0
2008

2009

2010

2011

2012

2013

2014

2015

2016

Year
#DBE % (= 0)

#DBE % (>0 and <5)

#DBE % (>=10 and <15)

#DBE % (>=15)

#DBE % (>=5 and <10)

Figure 2-3. Distribution of DBE participation percentage from 2008 to 2016
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Inferential statistical analyses are carried out to determine a correlation of DBE
participation percentage with construction cost growth, schedule growth, change order growth, and
construction intensity, and find if the difference in means of construction cost growth, schedule
growth, change order growth, and construction intensity between projects with DBE participation
and without DBE participation are significant.
2.5.2 Correlation test on DBE participation data
The outliers from the data have been removed, the variables are continuous, and each
project’s data has a pair of values. Before deciding to use a parametric Pearson correlation test or
non-parametric correlation test, linearity and normality of data should be tested. The relationships
of cost growth, schedule growth, change order growth, and construction intensity with DBE
participation percentage were checked using scatter plots. The scatter plots of construction cost
growth, schedule growth, change order growth, and construction intensity against DBE
participation percentage are shown in Figures 2-4, 2-5, 2-6, and 2-7 respectively.
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Figure 2-4. Scatter plot of construction cost growth vs. DBE participation percentage

Figure 2-5. Scatter plot of construction schedule growth vs. DBE participation percentage
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Figure 2-6. Scatter plot of construction change order growth vs. DBE participation percentage

Figure 2-7. Scatter plot of construction intensity vs. DBE participation percentage
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2.5.2.1 Test of normality on DBE participation data
The Shapiro Wilk normality test is used to test the normality of the data. If the data is
normal, the Pearson correlation test will be carried out to find out the correlation of DBE
participation with project performance metrics. Otherwise, the Spearman correlation test will be
done. The result of the normality test is shown in Table 2-6. The normality test results show that
the p-value of change order growth is greater than 0.05, which does not reject the null hypothesis,
and the data can be assumed to be normally distributed across change order growth. However, the
p-values of all other variables are less than 0.01. This rejects the null hypotheses and implies that
the data is not normally distributed across the population for DBE participation percentage,
construction cost growth, schedule growth, and construction intensity. The test results show that
the Pearson test could not be used to study the relationship of DBE participation with project
performance metrics. The Spearman correlation test should be used to determine the relationship
between the DBE participation percentage with construction cost growth, schedule growth, change
order growth, and construction intensity.

Table 2-6. Results of Shapiro Wilk test to test the normality of DBE participation data
No. Name of the variables
1
DBE Participation (%)
2
Construction Cost Growth (%)
3
Construction Schedule Growth (%)
4
Construction Change Order Growth (%)
5
Construction Intensity ($K/Day)
** Significant at alpha level 0.01

28

Sample Size
109
109
109
109
109

Statistics
0.81
0.90
0.92
0.98
0.84

p-value
0**
0**
0**
0.074
0**

2.5.2.2 Results of Spearman correlation test on DBE participation data
The results of the Spearman correlation test conducted on 109 highway projects’ data are
shown in Table 2-7. The results show that there is a significant linear positive relationship of DBE
participation percentage with construction schedule growth. The correlation coefficient is 0.28
with a p-value of 0.003, which implies that the relationship is highly significant. This result implies
that an increase in DBE participation percentage increases schedule growth, and vice versa. The
correlation coefficient between DBE participation percentage change order growth is -0.27 with a
p-value of 0.005, which shows that the relationship is significant, and an increase in DBE
participation percentage decreases change order growth, and vice versa. However, the test could
not find any significant relationship between DBE participation percentage and construction cost
growth and construction intensity. The correlation coefficients of DBE participation percentage
with construction cost growth and construction intensity were -0.05, and 0.104, respectively, with
p-values greater than 0.05.

Table 2-7. Results of Spearman correlation test for DBE participation percentage
No Dependent Variables
1
Construction Cost Growth
2
Construction Schedule Growth
3
Construction Change Order Growth
4
Construction Intensity
** Significant at alpha level 0.01

Sample Size
109
109
109
109
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Correlation Coefficient
-0.05
0.28
-0.27
0.104

P-value
0.73
0.003**
0.005**
0.28

2.5.3 Results of Mann Whitney U test on DBE participation data
The other objective of this research is to examine if the projects with DBE participation
performed better in highway projects compared to the projects without DBE participation. For this
purpose, the data is split into two groups, with one group containing projects with 0% DBE
participation and the other group containing projects with DBE participation greater than 0%. Then
either t-test is conducted to find the difference in means of construction cost growth, schedule
growth, change order growth, and construction intensity of the two groups or Mann Whitney U
test is conducted to find the difference in medians of construction cost growth, schedule growth,
change order growth, and construction intensity of the two groups.
The results of the Shapiro-Wilk test, conducted to test the normal distribution of data, are
shown in Table 2-8. The null hypothesis for this test states that the data is normally distributed
across project variables. The p-values for both groups of projects, with DBE participation and
without DBE participation, for construction cost growth, schedule growth, and construction
intensity are less than 0.05, which rejects the null hypothesis. Only in the case of change order
growth, the p-values for both groups of projects are greater than 0.05, which fails to reject the null
hypothesis, and the result implies that the data is normally distributed across change order growth.
The results show that the data is not normally distributed across all groups. Hence, a nonparametric Mann Whitney U test was conducted to find the difference in median values of
construction cost growth, schedule growth, change order growth, and construction intensity for the
projects with and without DBE participation. The null hypotheses of this test were that the median
values of the project performance metrics of highway projects of two groups are equal.
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Table 2-8. Results of Shapiro-Wilk test to test the normality of projects with DBE participation
and without DBE participation
No Variables
1
2
3
4

Construction Cost Growth
Construction Schedule
Growth
Construction Change Order
Growth
Construction Intensity

Type of Projects
DBE = 0%
DBE > 0%
DBE = 0%
DBE > 0%
DBE = 0%
DBE > 0%
DBE = 0%
DBE > 0%

Sample Size Statistics
48
0.84
61
0.96
48
0.9
61
0.93
48
0.96
61
0.93
48
0.8
61
0.9

p-value
0**
0.04*
0.001**
0.001**
0.09
0.13
0**
0**

* Significant at alpha level 0.05
** Significant at alpha level 0.01

The results of the Mann Whitney U test are shown in Table 2-9. The p-values for
construction cost growth and construction intensity in the two groups of projects with DBE
participation and without DBE participation were greater than 0.05 and failed to reject null
hypotheses. The results show that the projects with DBE participation did not perform better
compared to the projects without DBE participation in terms of construction cost growth and
construction intensity. However, the p-values for schedule growth and change order growth were
found less than 0.05 which show that the median values of schedule growth and change order
growth for projects with DBE participation and projects without DBE participation are
significantly different from each other. The median value of schedule growth for projects without
DBE participation was -3.45% compared to 0% for projects with DBE participation. The mean
schedule growth for projects without DBE participation was -8.33% compared to -1.5% for
projects with DBE participation. This result shows that the projects without DBE participation
performed better in terms of schedule growth compared to projects with DBE participation in
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highway projects. The median value of change order growth for the projects without DBE
participation is 0.6% compared to -7.1% for the projects with DBE participation and the mean
change order growth for the projects without DBE participation is 0.35% compared to -5.33% for
the projects with DBE participation. The projects with DBE participation performed better in terms
of change order growth compared to the projects without DBE participation.

Table 2-9. Results of Mann Whitney U test to test the difference in medians of DBE performance
metrics
No.
1
2
3
4

Variables
Construction Cost
Growth
Construction Schedule
Growth
Construction Change
Order Growth
Construction Intensity

Type of Projects
DBE = 0%
DBE > 0%
DBE = 0%
DBE > 0%
DBE = 0%
DBE > 0%
DBE = 0%
DBE > 0%

Mean
3.33%
1.64%
-8.33%
-1.5%
0.35%
-5.23%
64.8K ($/Day)
57.6K ($/Day)

Median
p-value
1.5
0.8
0.92
-3.05
0.016*
0
0.6
0**
-7.1
43.3K($/Day)
0.6
48.9K($/Day)

* Significant at alpha level 0.05
** Significant at alpha level 0.01

2.5.4 Correlation test on DBE participation data for projects size < $5 million
The correlation of DBE participation percentage with project performance metrics is tested
either by Pearson correlation or Spearman correlation test. The first three of the five assumptions
of the Pearson correlation test were already satisfied with the overall data. The data should be
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linear and normally distributed to conduct the Pearson correlation test. The scatter plots for project
performance metrics against the DBE participation percentage, as shown in Figures 2-8, 2-9, 2-10,
and 2-11, show some relationship between independent and dependent variables.

Figure 2-8. Scatter plot of construction cost growth vs. DBE participation percentage for project
size < $5 million
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Figure 2-9. Scatter plot of construction schedule growth vs. DBE participation percentage for
project size < $5 million

Figure 2-10. Scatter plot of construction change order growth vs. DBE percentage percentage for
project size < $5 million
34

Figure 2-11. Scatter plot of construction intensity vs. DBE participation percentage for project
size < $5 million

2.5.4.1 Test of normality on DBE participation data for projects size < $5 million
The results of the Shapiro Wilk normality test conducted to determine the normality of the
data are shown in Table 2-10. Only construction change order growth has a p-value greater than
0.05, which infers that the data is normally distributed across the change order variable. However,
all other variables have p-values of less than 0.05, which rejects the null hypothesis. Hence the
data is not normally distributed across those variables and the Spearman correlation test could be
conducted instead of the Pearson correlation to determine the relation of DBE participation
percentage with the project performance metrics.
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Table 2-10. Results of Shapiro-Wilk test to test the normality of DBE participation data for project
size < $5 million
No. Name of the variables
1
DBE Participation (%)
2
Construction Cost Growth (%)
3
Construction Schedule Growth (%)
4
Construction Change Order Growth (%)
5
Construction Intensity ($K/Day)
** Significant at alpha level 0.01

Sample Size
72
72
72
72
72

Statistics
0.72
0.90
0.9
0.97
0.61

p-value
0**
0**
0**
0.13
0**

2.5.4.2 Results of Spearman correlation test for projects size < $5 million
The result of the Spearman correlation test conducted on the projects with size less than $5
million is shown in Table 2-11, which shows that there is a negative correlation of DBE
participation percentage with change order growth, with a correlation coefficient -0.46. The pvalue is 0, which implies a highly significant relationship. There is a positive correlation of DBE
participation percentage with schedule growth, with a coefficient of 0.22. However, the p-value is
0.07 and the correlation is not significant. The Spearman correlation test did not find any
significant correlations of DBE with other performance metrics, as the correlation coefficient of
DBE participation percentage with construction cost growth, and construction intensity were found
to be -0.1 and -0.113, respectively, with p-values greater than 0.05.
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Table 2-11. Results of Spearman correlation test for DBE participation percentage for projects size
< $5 million
No Dependent Variables
1
Construction Cost Growth
2
Construction Schedule Growth
3
Construction Change Order Growth
4
Construction Intensity
** Significant at alpha level 0.01

Sample Size
72
72
72
72

Correlation Coefficient
-0.1
0.22
-0.46
-0.113

P-value
0.41
0.07
0**
0.35

2.5.5 Results of Mann Whitney U test on DBE participation data for projects size < $5 million
The projects’ data were split into two groups, with one group containing projects with 0%
DBE participation and the other group with more than 0% DBE participation. Then the test of
significant difference in means of construction cost growth, schedule growth, change order growth,
and construction intensity was carried out. The Shapiro-Wilk test of normality was conducted to
test the normality of data distribution in the two groups to decide to either conduct a Mann Whitney
U test or a t-test. The result of normality test is shown in Table 2-12. The construction cost growth
data was not normally distributed in the first group with 0% DBE participation, as the p-value is
less than 0.05, which rejected the null hypothesis that assumed normal distribution of data.
However, the second group with DBE participation was found to be normally distributed, as the
p-value was greater than 0.05, and failed to reject the null hypothesis of data being normally
distributed.
A different result was observed in change order growth data. The data in the first group
were found normally distributed, with a p-value greater than 0.05, but data in the second group
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were not normally distributed, as the p-value was found to be equal to 0.05. However, in schedule
growth data and construction intensity data, p-values for both groups were less than 0.01, which
shows that the null hypothesis was rejected, and the data were not normally distributed in either
group of schedule growth or construction intensity. This normality test result shows that the Mann
Whitney U test should be conducted to test the difference of medians, as the data were not found
to be normally distributed in each group.

Table 2-12. Results of Shapiro-Wilk test to test the normality of projects with DBE participation
and without DBE participation for projects with size < $5 million
No.

Variables

1

Construction Cost Growth

2
3
4

Construction Schedule
Growth
Construction Change Order
Growth
Construction Intensity

Type of Projects
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%

Sample Size Statistics
39
0.8
33
0.98
39
0.87
33
0.89
39
0.95
33
0.94
39
0.68
33
0.86

p-value
0**
0.56
0**
0.003**
0.1
0.05*
0**
0.001**

* Significant at alpha level 0.05
** Significant at alpha level 0.01

The results of the Mann Whitney U test for the smaller-sized projects are shown in Table
2-13, and they are very much like the overall test results. The null hypotheses of Mann Whitney
U test are that the median values of construction cost growth, schedule growth, change order
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growth, and construction intensity of the projects with DBE participation and projects without
DBE participation are equal. The test results show that the median of construction cost growth,
schedule growth, and construction intensity for projects with and without DBE participation are
not significantly different from each other as p-values were greater than 0.05. However, the median
change order growth for projects without DBE participation was 0.28%, and with DBE
participation was -10.24% with a p-value of 0 which shows that the difference in the median is
highly significant. This shows that the projects with DBE participation performed better compared
to the projects without DBE participation in terms of change order growth. In the case of schedule
growth, the median value for the projects with DBE participation was -2.5%, and without DBE
participation it was -8.7%. The difference is seen, but the result is not significant, as the p-value
was 0.07.

Table 2-13. Results of Mann Whitney U test to test the difference in medians of DBE performance
metrics for the project with size < $5 million
No.
1
2
3
4

Variables
Construction Cost
Growth
Construction Schedule
Growth
Construction Change
Order Growth
Construction Intensity

Type of Projects
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%

* Significant at alpha level 0.05
** Significant at alpha level 0.01

39

Mean
2.5%
0.6%
-10.5%
-4.1%
-0.5%
-8.4%
52.7K ($/Day)
31.9K ($/Day)

Median
0.64
0.38
-8.7
-2.5
-0.28
-10.04
26.7K ($/Day)
28.1K ($/Day)

p-value
0.67
0.07
0**
0.5

2.5.6 Correlation test on DBE participation data for projects size  $5 million
The correlation test of DBE participation data for projects with completion cost greater
than or equal to $5 million is conducted either by parametric Pearson correlation test or nonparametric Spearman correlation test. The linearity of the data is tested by plotting scatter plots
for construction cost growth, schedule growth, change order growth, and construction intensity
against the DBE participation percentage, as shown in Figures 2-12, 2-13, 2-14, and 2-15. The
scatter plots show some relationship between the DBE participation percentage and project
performance variables.

Figure 2-12.Scatter plot of construction cost growth vs. DBE participation percentage for project
size  $5 million
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Figure 2-13. Scatter plot of construction schedule growth vs. DBE participation percentage for
project size  $5 million

Figure 2-14. Scatter plot of construction change order growth vs. DBE participation percentage
for project size  $5 million
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Figure 2-15. Scatter plot of construction intensity vs. DBE participation percentage for project
size  $5 million

2.5.6.1 Test of normality on DBE participation data for projects size  $5 million
The results of the Shapiro Wilk normality test are shown in Table 2-14. The p-values for
construction change order growth and construction intensity were found to be greater than 0.05.
These results fail to reject the null hypothesis that the data is normally distributed. Hence, data is
normally distributed across construction change order growth and construction intensity. However,
p-values for DBE participation percentage, construction cost growth, and schedule growth were
found to be less than 0.05, which rejects the null hypothesis. Hence, the data is not normally
distributed across DBE participation percentage, construction cost growth, and schedule growth.
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Therefore, the Spearman correlation test can be conducted to find the correlation of DBE
participation percentage with project performance metrics.

Table 2-14. Results of Shapiro-Wilk test to test the normality of DBE participation data for project
size  $5 million
No. Name of the variables
1
DBE Participation (%)
2
Construction Cost Growth (%)
3
Construction Schedule Growth (%)
4
Construction Change Order Growth (%)
5
Construction Intensity ($K/Day)
* Significant at alpha level 0.05
* Significant at alpha level 0.01

Sample Size
37
37
37
37
37

Statistics
0.92
0.93
0.92
0.96
0.96

p-value
0.01**
0.03*
0.01**
0.2
0.22

2.5.6.2 Results of Spearman correlation test for projects size  $5 million
The result of the Spearman correlation test conducted on larger projects with completion
costs greater than or equal to $5 million is shown in Table 2-15. The result did not find any
significant correlation of DBE with any of the project performance metrics. The correlation
coefficients of DBE participation percentage with construction cost growth, schedule growth,
change order growth, and construction intensity were found to be -0.24, 0.17, -0.28, and -0.2,
respectively. However, the p-values were found to be greater than 0.05, which failed to reject the
null hypothesis.
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Table 2-15. Results of Spearman correlation test for DBE participation percentage for projects
with size ≥ $5 million
No
1
2
3
4

Dependent Variables
Construction Cost Growth
Construction Schedule Growth
Construction Change Order Growth
Construction Intensity

Sample Size
37
37
37
37

Correlation Coefficient
-0.24
0.17
-0.28
-0.2

p-value
0.16
0.33
0.09
0.26

2.5.7 Results of t-test on DBE participation data for projects size  $5 million
The projects of sizes greater than or equal to $5 million were split into two groups based
on DBE participation. There were nine projects without DBE participation and 28 projects with
DBE participation. The normality of the data distribution across variables construction cost
growth, schedule growth, change order growth, and construction intensity, is tested through
Shapiro Wilk test to determine whether to use the t-test or Mann Whitney U test. The results of
the Shapiro Wilk test are shown in Table 2-16. The p-values for the projects in both groups for
construction cost growth, schedule growth, change order growth, and construction intensity were
found to be greater than 0.05, which did not reject null hypotheses, and the data is normally
distributed in each group across these variables. As the data is assumed normally distributed, a
Levene’s test is conducted to verify the equality of variances in each group. A t-test with an equal
variance will be conducted if the data are found with equal variance in both groups, and a t-test
with an unequal variance will be conducted if the data are found to have unequal variance in both
groups.
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Table 2-16. Results of Shapiro-Wilk test to test the normality of projects with DBE participation
and without DBE participation for projects with size ≥ $5 million
No.

Variables

1

Construction Cost Growth

2
3
4

Construction Schedule
Growth
Construction Change Order
Growth
Construction Intensity

Type of Projects
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%

Sample Size
9
28
9
28
9
28
9
28

Statistics
0.86
0.95
0.88
0.93
0.92
0.95
0.95
0.92

p-value
0.09
0.22
0.13
0.06
0.37
0.23
0.66
0.04

The results of the equality of variances test are given in Table 2-17, which shows that the
variance of the two groups is equal across construction cost growth, schedule growth, change order
growth, and construction intensity, as p-values are greater than 0.05. Hence, a t-test with equal
variance can be conducted.

Table 2-17. Levene’s test for equality of variances for projects with size  $5 million
No.

Variables

1

Construction Cost Growth

2
3
4

Construction Schedule
Growth
Construction Change Order
Growth
Construction Intensity

Type of Projects
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
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Sample Size
9
28
9
28
9
28
9
28

F-Statistics

p-value

0.26

0.62

0.24

0.63

1.27

0.29

0.47

0.5

The result of the t-test with equal variance is shown in Table 2-18. The results show that
there is not a significant difference in means of schedule growth between projects with DBE
participation or without DBE participation. However, there is a significant difference in the means
of construction cost growth, change order growth, and construction intensity between projects with
and without DBE participation, as the p-values for these project performance metrics are less than
0.05. The results show that construction cost growth, change order growth, and construction
intensity are better for projects with DBE participation, when compared with projects without DBE
participation.

Table 2-18. Results of t-test for difference of means of DBE performance metrics for project size
 $5 million
No.
1
2
3
4

Variables
Construction Cost
Growth
Construction
Schedule Growth
Construction Change
Order Growth
Construction Intensity

Type of Projects
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%
DBE =0%
DBE > 0%

* Significant at alpha level 0.05
** Significant at alpha level 0.01
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Mean
6.95%
2.82%
0.93%
1.55%
4.05%
-1.4%
117K ($/Day)
87.9K ($/Day)

Median
6.42
1.85
0
0
3.5
-0.8
106 K ($/Day)
80.1 K ($/Day)

p-value
0.03*
0.88
0.01**
0.03*

2.6

Conclusions
Though previous studies have identified DBE participation as a possible factor that has an

impact on construction project performance, studies had not been conducted to find a correlation
between DBE participation and project performance metrics. This study was focused on
determining if DBE participation affected cost growth, schedule growth, change order growth,
and/or construction intensity positively or negatively. Statistical analyses were carried out on 109
highway projects’ data collected from Nevada DOT, and correlations of DBE participation
percentage with construction cost growth, schedule growth, change order growth, and construction
intensity were calculated.
The Spearman correlation test showed that there was a significant positive correlation of
DBE participation percentage with schedule growth, and a significant negative correlation of DBE
with change order growth. The correlation coefficients of DBE participation percentage with
schedule growth and change order growth were 0.28 and -0.27, respectively. The results show that
schedule growth in highway projects increases as the DBE participation percentage increases,
while change order growth decreases as the DBE participation percentage increases. The study did
not find any significant correlation of DBE participation percentage with construction cost growth
or construction intensity.
An in-depth analysis of DBE participation was necessary to understand its impact on
project performance. Therefore, the projects were split into two groups based on DBE
participation. The projects with 0% DBE participation were categorized into one group, and those
with DBE participation greater than 0% were categorized into another group. Then analyses were
performed to find out whether the projects in one group performed better in terms of construction
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cost growth, schedule growth, change order growth, and construction intensity compared to the
other group. It was found that the projects without DBE participation had better schedule
performance compared to projects with DBE participation, but the projects with DBE participation
performed better in terms of change order growth compared to projects without DBE participation.
The projects were split according to project size, with project completion costs less than
$5 million in one group, and project completion costs greater than or equal to $5 million in the
other group. For the projects with completion costs less than $5 million, there was a significant
negative correlation of DBE with change order growth, but the study did not find a significant
relation of DBE with other project performance metrics. The study by Kishore and Abraham
(2009) found that the cost of the highway projects increased by DBE participation and the study
by Marion (2007) found that there was rise in procurement cost when small businesses were given
5% bid preferences. However, this study found that that increase in DBE participation percentage
in highway projects caused increase in schedule growth and decrease in change order growth.
The Mann Whitney U test was carried out for projects with completion cost less than $5
million to find any significant difference in median values of project performance metrics for
projects with and without DBE participation; it found out that there is a significant difference in
median of change order growth. Projects with DBE participation performed better in terms of
change order growth when compared to projects without DBE participation. In terms of schedule
growth, it was found that the projects without DBE participation performed better with a median
value of -8.7%, compared to projects with DBE participation with a mean value of -2.5%.
However, the result was not significant as the p-value was 0.07. The difference in median of other
project performance metrics were not found to be significant. For projects with completion costs
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greater than or equal to $5 million, the Spearman correlation test did not find any significant
relationship of DBE with any of the project performance metrics.
The DBE participation requirement promotes the active involvement of DBEs in federal
projects. Many of these businesses are small in size and have less experience compared to large
business enterprises. However, studies have shown that these business enterprises have performed
at a similar level compared to non-DBE firms of the same size and age (Kim & Arditi, 2010). This
study found that an increase in DBE participation increases schedule growth but decreases change
order growth. The mean schedule growth for the projects with DBE participation is -1.5% for
overall data, compared to -4.1% for projects with completion costs less than $5 million, and 1.55%
for projects with completion costs greater than or equal to $5 million. The schedule performance
of DBE-participating projects is best for smaller-sized projects. As most of the DBEs are small,
DBEs could be more involved in smaller-sized projects, and their lack of experience in large
projects could be the reason behind poor schedule performance in large highway projects. The
mean change order growth for projects with DBE participation is -5.23% for overall data,
compared to -8.4% for projects with completion costs less than $5 million, and -1.4% for projects
with completion costs greater than or equal to $5 million. The change order performance of DBEparticipating projects is best for smaller-sized projects.
This is the first study of its kind conducted to investigate the impact of DBE participation
on project performance metrics. The quantitative statistical analysis results of this exploratory
research show that there is a positive correlation between DBE participation percentage and
schedule growth, which implies that an increase in DBE participation percentage increases
schedule growth. There is a negative correlation between DBE participation percentage and change
order growth. However, the authors cannot affirmatively say that DBE participation is the reason
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behind schedule growth. There could be other factors that come along with DBE participation in
construction projects that affect the projects. The authors need to conduct a detailed, qualitative
investigation, including various factors that affect DBE participation to determine why an increase
in DBE participation percentage increases schedule growth and decreases change order growth,
and vice versa. This study is the first statistical analysis to study the relation of DBE and project
performance metrics and has created a foundation for detailed analyses to investigate why DBE
participation affects schedule growth and change orders.
The findings of this study will be helpful for state DOTs to form proper rules and
regulations regarding DBE participation in federal projects to improve project performance in
highway projects. The data collected for this study is from Nevada DOT only, and the findings of
this study may not be relevant for projects for other DOTs. Hence, the results of this study should
be generalized only with caution. More data regarding DBE participation in highway projects from
other state DOTs around the country should be collected, along with various other related factors.
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CHAPTER 3: EFFECT OF MOBILIZATION COST ON HIGHWAY PROJECT
PERFORMANCE
Abstract
The United States’ Departments of Transportation (DOT) have the provision of
mobilization cost paid to the contractor as a certain percentage of overall contract price.
Mobilization cost helps projects get started by addressing financial needs. Initial preparation and
work need to be done before an actual project begins, such as gathering resources, materials,
equipment, skilled workers. Additionally, these resources and supplies should be moved to the
project site. The finances related to this initial preparatory work is addressed by mobilization cost.
As mobilization cost helps to start a project without delay, it also helps with the project’s schedule
and cost performance. This study will focus on statistical analysis to determine any correlation of
mobilization cost with construction cost growth, schedule growth, change order growth, and/or
construction intensity, and analyze the impact of mobilization cost on the project performance of
highway projects.
Data related to mobilization cost from 206 highway projects were collected from the
Nevada DOT and Texas DOT. The purpose of this study was to find whether there is any
correlation between mobilization cost and project performance metrics, such as cost growth,
schedule growth, change order growth, and construction intensity. The statistical analyses
conducted on the data did not find any significant correlation between mobilization cost with
project performance metrics. Another purpose of this study was to find the threshold value of
mobilization cost percentage, or mobilization cost percentage above which highway projects
perform better, compared to the projects with mobilization cost percentage under the threshold
value. The study found that the highway projects with mobilization cost percentage above 9%
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performed better in terms of schedule growth, compared to projects with mobilization cost
percentage under 9%.
Authors’ Keywords: Mobilization cost, Cost growth, Schedule growth, Change order growth,
Highway projects,
3.1

Introduction
Cash flow is very important for the success of any construction project. Mobilization cost

is the cost involved in the starting phase of a project, before progress payments are made, to kickstart the project by addressing various financial needs, such as training, machinery or equipment
upgrades, manual preparation, etc. Mobilization cost could be also used for administrative work
such as licensing, securing permits, and planning project activities, for example project schedule,
overhead costs, etc. Before starting the actual construction, the contractor may need additional
financial resources for many reasons, such as acquiring construction materials, tools, and
equipment; movement of workers, equipment, and supplies to the project site; set up field offices,
plants, and any other necessary facilities; and/or conducting investigations and site surveys..
Mobilization cost generally benefits the project with timely completion, and within estimated
budget, since projects can start on time with the necessary investment in costly equipment and
other necessities (Edgerton & Macdermott, 1997).
In many projects, mobilization costs are included as a percentage of the overall contract
price. The Nevada Department of Transportation (DOT) defines mobilization as “This work
consists of preparatory work and operations necessary for the movement of personnel, equipment,
supplies, and incidentals to the project site before beginning work. This work also consists of
furnishing potable water and electricity to Department furnished field laboratories used on the
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project.” The Nevada DOT measures mobilization as a lump sum and the payment is made at the
contract price per unit of measurement for the pay item listed in the proposal (Nevada DOT,
2014,p.#445). The Texas DOT also measures mobilization cost by lump sum as the work
progresses. A certain fraction of mobilization lump sum bid is paid as the work progresses. Texas
DOT states that “When 1% of the adjusted contract amount for construction items is earned, 50%
of the mobilization lump sum bid or 5% of the total contract amount, whichever is less, will be
paid. When 5% of the adjusted contract amount for construction items is earned, 75% of the
mobilization lump sum bid or 10% of the contract amount, whichever is less, will be paid. When
10% of the adjusted contract amount for construction items is earned, 90% of the mobilization
lump sum bid or 10% of the total contract amount, whichever is less, will be paid. Payment for the
remainder of the lump sum bid for mobilization will be made on the next monthly estimate cycle
after the retainage estimate”(Texas DOT, 2018).
The successful completion of any construction project is defined by performance metrics
such as cost growth and schedule growth. As a project goes through the planning and design phase,
the project’s cost and schedule are estimated based on factors such as material and labor costs, tool
and technology availability, and numerous other factors. The owners, contractors, and other
concerned parties involved in the construction project put forward a plan and make effort to
complete the project within schedule and budget. However, many projects are delayed by a
significant amount of time, and many others have cost overruns due to unforeseen circumstances.
In fact, Ibbs (2012) found that 20% of projects had cost overruns of more than 45%, while 10% of
the projects had cost overruns of at least 83% and predicted that the probability of cost growth in
future construction projects to be at 42%. The study found that the average project had a schedule
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overrun of 16%, and around 7% of projects had more than a 50% increase in original schedule
duration, with only 15% finishing before their scheduled completion time.
Numerous other researches have been done to explore the possible factors, and their
impact, on the cost and schedule performance of construction projects. Lack of effective
management of financial and other resources, lack of effective communication, and late delivery
of materials, along with inadequate planning, poor site management and supervision, a hostile
socio-economic environment, and design errors, as well as lack of skilled workers have been found
as some of the main reasons behind cost and schedule overrun (Iyer & Jha, 2006; Meeampol &
Ogunlan, 2006; Memon et al., 2011; Rahman et al., 2012; Tumi et al., 2009).
Proper financial management helps in the smooth operation of projects, and timely
payment from the owner helps to maintain a good financial aspect for the contractor. Research has
found that delays in payments affect projects’ cost and schedule performance (Bajjou & Chafi,
2020; Kaliba et al., 2009; Marzouk & El-Rasas, 2014; Raman et al., 2016). Many studies have
reported that mobilization cost has an important role in the successful completion of any
construction project. Studies by Afzal et al. (2019), Al-Kharashi and Skitmore (2009), and Hussin
and Omran (2009) have also shown that either problems or delays with mobilization cost payments
affect the cost and schedule performance of projects. However, past studies on the association of
mobilization cost with the performance of the highway projects are limited. Hence, a detailed
statistical analysis is needed to inspect the impact of mobilization cost on highway project
performance.
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3.2

Research Scope and Objectives
This research collected data on highway projects from the Nevada DOT and Texas DOT

and analyzed the effect of mobilization cost on project performance. The study was emphasis on
finding the correlation of mobilization cost percentage with cost growth, schedule growth, change
order growth, and construction intensity. The main objectives of the study are to:
1. Find the linear correlation of percentage of mobilization cost with the cost growth, schedule
growth, change order growth, and construction intensity of highway projects
2. Determine the percentage of mobilization cost threshold value, above which highway
projects will have better cost growth, schedule growth, change order growth, and
construction intensity, compared to projects that are under this threshold value.
3. Determine whether providing the mobilization cost in advance of work starting helps
contractors to improve the project performance of highway projects.
3.3

Literature Review
Cost and time are the most fundamental criteria to measure the success of any construction

project. Various elements affect the execution of a project from the planning, designing, and
execution phases. During the construction phase, various inclement conditions may arise causing
an increase in construction cost and delay in the project’s completion time. Various studies have
found numerous reasons that cause construction cost overruns and project schedule delays.
For example, Meeampol and Ogunlan (2006) constructed cost-predictive models based on
99 projects operated by the Department of Highways in Thailand. The researchers found that the
projects’ cost performance depended on construction resource management, communication,
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budget management, and construction method. The study also found that projects’ schedule
performance depends on efficient management of construction resources and the choice of
construction method, as well as proper supervision, effective communication, and schedule
management.
Based on 140 responses from a survey among clients, contractors, and consultants in
Malaysia, Rahman et al. (2012) stated that only 11% of construction projects normally finished
within budgeted cost, and 89% of projects faced cost overruns. The respondents agreed that their
projects had average cost overruns of 5% to 10% of the contract price. The study found that the
main factors behind this problem were design and documentation issues, financial resource
management, and project management. The researchers also found that 92% of construction
projects faced difficulty to finish within contract durations. The study found that proper planning,
committed leadership and management, along with effective communication with workers, as well
as hiring skilled workers, using new construction technologies, and providing training to unskilled
workers could be solutions towards improving time performance on projects.
A survey was conducted by Assaf and Al-Hejji (2006) involving the 15 owners, 19
consultants, and 23 contractors. The authors learned that change orders and legal disputes, along
with poor communication between owners and other parties, delays in progress payments, delays
in sub-contractor work, inflexibility of consultants, errors and disparity in design documents, poor
qualifications of the contractors’ technical staff, and scarcity of construction materials in the
market were some of the other factors that caused project delays. The study found out that 70% of
projects faced time overruns.
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Further, Larsen et al. (2015) studied the factors that project managers experienced having
a significant impact on the cost growth, schedule growth, and quality of public construction
projects. The researchers found that oversight in consultant material, discrepancies in project
documents, late changes in the project, inexperienced consultants, and lack of early examination
before design were the main factors behind cost overrun. They also found that lack of project
planning and project funding, delay caused by other authorities, and mistakes in construction work
were the main causes for project delays.
To start a construction project and for smooth project operations, the owner initially pays
a certain percentage of the contract bid price to the contractor. Studies have found that this
mobilization cost has an principal role in the successful completion of any construction project.
Al-Kharashi and Skitmore (2009) identified the main causes involved in the delays of public sector
construction projects in Saudi Arabia through a survey of 86 clients, contractors, and consultants
working in the Saudi Arabian construction industry. One of the numerous reasons that the
researchers found was delay in project payment. The study found out that the contractors had
trouble financing projects, as the government had stopped making advanced payments to
contractors since 1987. They also found that delays in progress payments to the contractor by the
client attributed to overall delay in construction projects.
Later, Aje et al. (2017) researched to determine the relation of cost overrun with advanced
payment. The researchers conducted a questionnaire survey among project stakeholders, such as
owner organizations, construction companies, consultancy firms, and public administration
agencies. The participants were requested to use a five-point rating to the reasons why advance
payment is necessary for construction projects. The study was based on data of 51 projects
completed between 2000 and 2014 in Nigeria. About 60% of the initial contract sums were paid
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to contractors on projects from 1999 to 2003, 50% from 2003 to 2009, and 30% from 2009 to
2014. Further, 15% of the contract sums were paid in advance to contractors for projects owned
and financed by the Federal Government of Nigeria. The responses from the participants inclined
towards advance payment for avoiding delays; however, there was no significant evidence in the
analysis to verify if advance payment affected cost and schedule overrun. Furthermore, the analysis
of the observed projects showed that the overruns were caused by contractors' inefficient
management of resources, and not on advanced payments.
In another study, Hussin and Omran (2009) conducted a study to analyze why advance
payment is needed for the smooth operation of construction projects. The researchers ran a survey
consisting of 10 factors that are required for advance payment among contractors, consultants, and
developers. The responses from 30 participants were analyzed and ranked to understand which
factors play a significant role in determining advance payment in construction projects. The
researchers found that advance payment is mostly required to avoid schedule delays in construction
projects and speed-up progress. Among other reasons presented, were solving financial problems,
ensuring quality work, and aiding risk management.
Additional research by Afzal et al. (2019) created a model to find an Integrated Priority
Decision index for risk assessment in cost overrun in transportation projects. The researchers
identified 12 complexity and 60 risk attributes from a literature review and experts’ opinions. They
found that lack of innovative technology, lack of experience, and alterations in design, along with
low advance payments and unclear specifications were the main factors that caused cost overruns
in the transportation projects studied.
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Marzouk and El-Rasas (2014) delineated numerous causes of construction delay and
prepared a questionnaire survey to get feedback from 33 construction experts representing owners,
consultants, and contractors. The researchers ranked the top 10 delay causes according to a
Frequency Index, Severity Index, and Importance Index, and then conducted a case study to
analyze the results. They found out that late payment of completed work is one of the main causes
of schedule delay, among construction material and laborer shortage, inexperienced consultants,
unqualified workforce, poor site management, late owner revision and design document approval,
etc.
Kaliba et al. (2009) conducted a study to determine the reasons behind cost and schedule
overrun in road construction projects in Zambia. A questionnaire survey was carried out to get
feedback from contractors, consultants, and clients. The researchers found out that bad weather
and inflation, as well as pressure from the local government were significant reasons behind cost
overrun. However, problem with payments and financial processes, economic problems, and
problems with materials procurement, along with difficulties between contractors and clients,
changes in contract and drawings, and lack of equipment, as well as poor coordination, labor
disputes, and strikes were major cases of schedule overrun in road construction projects.
Bajjou and Chafi (2020) identified 49 causes of schedule delay from their literature review,
and surveyed public contractors, private contractors and consultants to study the main causes of
construction project delays in Morocco. The survey included different kinds of projects such as
road, building, bride, electrical, mechanical and plumbing projects. The responses from 188
contractors and 142 consultants were analyzed and it was determined that late progress payments,
unrealistic contract duration set by clients, lack of efficient planning, improper waste management,
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lack of training for employees, as well as ineffective scheduling, excessive subcontracting
unskilled workforce are prime causes for delay in construction projects.
In another study, Raman et al. (2016) examined late payment practices in the Malaysian
construction industry. The researchers carried out survey among 37 contractors and subcontractors.
The participants were architects, quantity surveyors, contract administrators, engineers, and
project managers. The statistical analysis on the responses showed that 91% of the participants
concurred that late payment is the main problem in their construction projects, as a majority of the
contractors frequently experienced late payments. The study also showed that late payments had
negative impacts, such as schedule delays in construction projects, negative chain effects on other
parties, and bankruptcy.
Previous studies have shown that mobilization cost is an important factor that has a
significant effect on project performance, but a quantitative analysis of the relationship of
mobilization cost with cost growth, schedule growth, change order, and construction intensity, has
not been conducted for highway projects. This study intends to perform statistical analyses to find
the relationship between mobilization cost and cost growth, schedule growth, change order, and
construction intensity.
3.4

Research Methodology
Figure 3-1 shows an overview of the methodology that is used in this study. At first,

literature of past studies was reviewed, which helped the authors find gaps in the literature, and
then the study objectives were finalized. Then data from highway projects was collected from
Nevada DOT and Texas DOT websites, and the project performance metrics (dependent variables)
were defined to find the relationship of the dependent variables with the mobilization cost
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percentage. The collected data were processed and analyzed by performing various descriptive and
analytical statistical tests. The conclusions were deduced based on the results of the statistical
analyses.

Define Study Objectives

Collect Highway Project Data

Collect Mobilization Payment Data

Collect Project Performance Data

Calculate Mobilization Cost %

Develop Project Performance Metrics

Perform Descriptive Statistics

Conduct Statistical Tests

Conclusions and Recommendations
Figure 3-1. Research methodology for mobilization cost analysis
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3.4.1 Data Collection
The data was collected from Nevada DOT and Texas DOT websites. The information on
construction projects that have been completed and the ongoing construction projects were
available on the website. The authors collected information regarding project type, project
description, bidder number, mobilization amount, total completion cost, bid amount, the number
of days in which the project was completed (final completion duration), original contract days (bid
duration), and updated contract amount.
3.4.2 Project variables development
The independent variable used in the study is the mobilization cost percentage. The
mobilization amount given for the project was converted to the mobilization cost percentage based
on the adjusted bid amount. The dependent variables are construction cost growth, schedule
growth, change order rate, and construction intensity. The purpose of this research is to study the
impact of mobilization cost percentage on project performance metrics. The dependent and
independent variables are calculated using equations based on various project information
collected from the state DOT websites, as shown in Table 3-1.
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Table 3-1. Project variables of mobilization cost data

No

Metric

Equation

Unit

1

Mobilization cost
percentage

𝑀𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝐴𝑚𝑜𝑢𝑛𝑡
∗ 100
𝐵𝑖𝑑 𝐴𝑚𝑜𝑢𝑛𝑡

%

2

Construction cost
growth

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 − 𝐵𝑖𝑑 𝐴𝑚𝑜𝑢𝑛𝑡
∗ 100
𝐵𝑖𝑑 𝐴𝑚𝑜𝑢𝑛𝑡

%

3

Construction
schedule growth

𝐹𝑖𝑛𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 − 𝐵𝑖𝑑 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛
∗ 100
𝐵𝑖𝑑 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛

%

4

Construction
Intensity

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡
𝐹𝑖𝑛𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛

$/day

5

Change order rate

𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟 𝐶𝑜𝑠𝑡
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡

%

3.4.3 Research Hypothesis
The basic purpose of this study is to determine the relationship between the mobilization
cost percentage and the cost, schedule, and change order growth performance of highway projects.
To study these objectives, the following research hypotheses are developed:
1. The construction cost growth of highway projects decreases as the mobilization cost
percentage increases.
2. The construction schedule growth of highway projects decreases as the mobilization cost
percentage increases.
3. The construction change orders of highway projects decrease as the mobilization cost
percentage increases.
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4. The construction intensity of highway projects increases as the mobilization cost
percentage increases.
5. The projects with mobilization cost percentage greater than or equal to the threshold value
perform better in terms of construction cost growth compared to the projects with
mobilization cost percentage less than the threshold value.
6. The projects with mobilization cost percentage greater than or equal to the threshold value
perform better in terms of schedule growth compared to the projects with mobilization cost
percentage less than the threshold value.
7. The projects with mobilization cost percentage greater than or equal to the threshold value
perform better in terms of change order growth compared to the projects with mobilization
cost percentage less than the threshold value.
8. The projects with mobilization cost percentage greater than or equal to the threshold value
perform better in terms of construction intensity compared to the projects with mobilization
cost percentage less than the threshold value.
3.4.4 Null Hypothesis
The above research hypotheses are converted into the null hypotheses for statistical tests.
The authors have the following null hypotheses:
Null Hypothesis 1: There is no significant correlation between the mobilization cost percentage
and construction cost growth.
𝛽𝑀𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑣𝑠.

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑔𝑟𝑜𝑤𝑡ℎ

=0

Null Hypothesis 2: There is no significant correlation between the mobilization cost percentage
and construction schedule growth.
𝛽𝑀𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑣𝑠.

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝑔𝑟𝑜𝑤𝑡ℎ
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=0

Null Hypothesis 3: There is no significant correlation between the mobilization cost percentage
and construction change order growth.
𝛽𝑀𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑣𝑠.

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑐ℎ𝑎𝑛𝑔𝑒 𝑜𝑟𝑑𝑒𝑟 𝑔𝑟𝑜𝑤𝑡ℎ

=0

Null Hypothesis 4: There is no significant correlation between the mobilization cost percentage
and construction intensity.
𝛽𝑀𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑣𝑠.

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦

=0

Null Hypothesis 5: There is no significant difference in the mean of construction cost growth for
projects with mobilization cost percentage less than the threshold value and projects with
mobilization cost percentage greater than or equal to the threshold value.
𝜇𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒
= 𝜇𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑔𝑟𝑒𝑎𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑜𝑟 𝑒𝑞𝑢𝑎𝑙
𝑡𝑜 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒

Null Hypothesis 6: There is no significant difference in the mean of construction schedule growth
for projects with mobilization cost percentage less than the threshold value and projects with
mobilization cost percentage greater than or equal to the threshold value.
𝜇𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒
= 𝜇𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑔𝑟𝑒𝑎𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑜𝑟 𝑒𝑞𝑢𝑎𝑙
𝑡𝑜 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒

Null Hypothesis 7: There is no significant difference in the mean of construction change order
growth for projects with mobilization cost percentage less than the threshold value and projects
with mobilization cost percentage greater than or equal to the threshold value.
𝜇𝐶ℎ𝑎𝑛𝑔𝑒 𝑜𝑟𝑑𝑒𝑟 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑡ℎ𝑎𝑛 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒
= 𝜇𝐶ℎ𝑎𝑛𝑔𝑒 𝑜𝑟𝑑𝑒𝑟 𝑔𝑟𝑜𝑤𝑡ℎ 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑔𝑟𝑒𝑎𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑜𝑟 𝑒𝑞𝑢𝑎𝑙
𝑡𝑜 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒

Null Hypothesis 8: There is no significant difference in the mean of construction intensity for
projects with mobilization cost percentage less than the threshold value and projects with
mobilization cost percentage greater than or equal to the threshold value.
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𝜇𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒
= 𝜇𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑓𝑜𝑟 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑔𝑟𝑒𝑎𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑜𝑟 𝑒𝑞𝑢𝑎𝑙
𝑡𝑜 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑣𝑎𝑙𝑢𝑒

3.4.5 Statistical Analysis
Different statistical analyses will be conducted to test the null hypothesis. The first four
null hypotheses will be tested to find the correlation of mobilization cost percentage with
construction cost growth, schedule growth, change order, and construction intensity, either by
parametric Pearson Linear Correlation tests or non-parametric Spearman Correlation tests. A
Pearson correlation test can be done if five assumptions are satisfied, which are level of
measurement, absence of outliers, and normality of data, as well as related pairs and linearity
(StatisticsSolutions, 2020b). In this dataset, all variables are continuous, and each data has pair
values. The outliers will be removed, and the linearity of the data will be tested by plotting scatter
plots of construction cost growth, schedule growth, change order growth, and construction
intensity against the mobilization cost percentage. The Shapiro Wilk test will be conducted to test
the normality of the data. If anyone of these five assumptions is not met, then a non-parametric
Spearman Correlation test will be conducted (StatisticsSolutions, 2020a).
Another research goal is to determine the threshold value of the mobilization cost
percentage, at which the projects with mobilization cost percentage higher than the threshold value
will perform better in terms of construction cost growth, schedule growth, change order growth,
and construction intensity, compared to projects with mobilization cost percentage under the
threshold value. For this test, a mobilization cost percentage threshold value will be selected, and
the projects will be split into two groups based on the threshold value; then either parametric t-test
will be conducted to find the difference between means of two samples or non-parametric Mann
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Whitney U test is conducted to find the difference in medians of two samples. The T-test can be
conducted if four assumptions are passed by the data, which are as follows.
1. One independent variable should be categorical with two levels or groups.
2. There should be one continuous dependent variable.
3. The data should be normally distributed within both groups.
4. The variance of the two groups should be equal (LeardStatistics, 2020a).
A separate categorical variable is created to categorize the mobilization cost percentage
into two groups, as mobilization cost percentage is a continuous variable. The mobilization cost
percentage less than the threshold value is defined as group one, and the mobilization cost
percentage greater than or equal to the threshold value is defined as group two. Other dependent
variables, such as construction cost growth, schedule growth, change order growth, and
construction intensity, are continuous variables. This data set satisfies the first two assumptions.
A Shapiro Wilk test will be done to test the normality of data in both groups for each dependent
variable. The null hypothesis of the normality test is that the data in both groups across project
variables are normally distributed. If the p-value from the test is less than 0.05, it rejects the null
hypothesis and implies that the data is not normally distributed. If the p-value is greater than 0.05,
the test fails to reject the null hypothesis, which implies that the data is normally distributed. If
the data pass the normality test, then a Levene’s test will be done to test the equality of the variance
to verify if the data has equal variance in both groups across all dependent variables. A t-test with
an equal variance will be done if the data passes the equality of variance test. Otherwise, a t-test
with an unequal variance will be done to find the significance in the differences in construction
cost growth, schedule growth, change order growth, and construction intensity means between two
groups. If the data does not pass the Shapiro Wilk normality test, then the Mann Whitney U test
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will be done to test if there is a significant difference in the project performance metrics’ means
for the projects that have mobilization cost percentage under threshold value and projects with
mobilization cost percentage higher than or equal to the threshold value (LeardStatistics, 2020b).
3.5

Results
Box plots of mobilization cost percentage, cost growth, schedule growth, construction

intensity, and change order were plotted to find any outliers and they were removed from the data.
After removing outliers, only 206 projects’ data remained, which were used for analysis, out of
which 109 are from Nevada DOT and 97 are from Texas DOT. A descriptive statistical analysis
was conducted to analyze the data’s variables.
3.5.1 Descriptive Statistics
The descriptive statistics of total project completion cost and mobilization cost percentage
are shown in Table 3-2. The projects from Texas were completed in 2019. However, the projects
from Nevada were awarded from 2011 to 2016 with different completion dates. Hence, the total
completion cost was adjusted to 2020 January to compute construction intensity. The project
completion costs ranged from $163.4 thousand to $87.9 million, with a mean project completion
cost of $8.4 million. The mobilization cost percentage ranged from 0.47% to 15.72%, with a mean
value of 6.93%. The descriptive statistics of the performance metrics are shown in Table 3-2. The
maximum construction cost growth is 23.11%, the maximum construction cost underrun is
15.23%, and the mean value is 2.21%. The mean construction schedule growth is -1.74%, with a
maximum construction schedule growth value of 59.1%, and a minimum value of -61.9%. The
construction intensity ranged from $1.37K per day to $166K per day, with a mean value of $44K
per day, while change orders ranged from -14.65% to 18.77%, with a mean value of 1.89%.
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Table 3-2. Descriptive statistics of project completion cost, mobilization cost percentage, and
project performance metrics
No.
1
2
3
4
5
6

Project variables
Project Completion Cost ($)
Mobilization Cost Percentage (%)
Construction Cost Growth (%)
Construction Schedule Growth (%)
Construction Change Order Growth (%)
Construction Intensity ($K/Day)

Mean
8.4M
6.93
2.21
-1.74
1.89
44

Maximum
87.9M
15.72
23.11
59.10
18.77
166

Minimum
163.4K
0.47
-15.23
-61.90
-14.65
1.37

SD
12.04M
2.96
6.92
21.75
5.57
34K

Big firms are generally involved in large projects, and mobilization cost does not have a
significant effect on them. However, mobilization cost helps small firms to start construction work.
It is usually observed that small firms are mostly involved in small projects. Therefore, it is
necessary to analyze the impact of mobilization cost based on project size, so the projects were
split into two groups based on project completion costs. One group contained data with project
completion costs of less than $5 million, and the other group had data with project completion
costs greater than or equal to $5 million.
The descriptive statistics of the projects with completion costs of less than $5 million are
shown in Table 3-3. The project completion costs ranged from $163.4 thousand to $4.96 million,
with a mean completion cost of $1.9 million, and the mobilization cost percentage ranged from
0.47% to 15.72%, with a mean value of 6.90%. The maximum construction costs and schedule
growths were 22.3% and 53.49%, respectively, and the minimum construction cost growth and
schedule growth were -15.23% and -61.9%, respectively. The construction change order growth
ranged from -14.65% to 16.72%, and the construction intensity ranged from $1.37K per day to
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$92.75K per day. The construction intensity in this group decreased significantly compared to the
overall data.

Table 3-3. Descriptive statistics of project completion cost, mobilization cost percentage, and
project performance metrics for the project with size < $5 million
No.
1
2
3
4
5
6

Project variables
Project Completion Cost ($)
Mobilization Cost Percentage (%)
Construction Cost Growth (%)
Construction Schedule Growth (%)
Construction Change Order Growth (%)
Construction Intensity ($K/Day)

Mean
1.9M
6.90
1.2
-7.15
0.92
27.32

Maximum
4.96M
15.72
22.3
53.49
16.72
92.75

Minimum
163.4K
0.47
-15.23
-61.9
-14.65
1.37

SD
1.4M
3.08
7.17
21.61
5.81
20.7

The descriptive statistics of projects with project completion costs greater than $5 million
are shown in Table 3-4. The project completion costs ranged from $5.13 million to $87.9 million,
with the mean project completion cost of $16.8 million, and the mobilization cost percentage
ranged from 1.47% to 15.71%, with a mean value of 6.95%. The maximum construction costs and
schedule growths were 23.11% and 59.08%, respectively, and the minimum construction cost
growth and schedule growth were -10.57% and -49.49%, respectively. The construction change
order growth ranged from -11.02% to 18.77%, and the construction intensity ranged from $15.5K
per day to $166.2K per day.
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Table 3-4. Descriptive statistics of project completion cost, mobilization cost percentage, and
project performance metrics of the project with size ≥ $5 million
No.
1
2
3
4
5
6

Independent variables
Project Completion Cost ($)
Mobilization Cost Percentage (%)
Construction Cost Growth (%)
Construction Schedule Growth (%)
Construction Change Order Growth (%)
Construction Intensity ($K/Day)

Mean
16.8M
6.95
3.52
5.23
3.15
66.2

Maximum
87.9M
15.71
23.11
59.08
18.77
166.2

Minimum
5.13M
1.47
-10.57
-49.49
-11.02
15.5

SD
14.3M
2.8
6.38
19.96
5.0
36.8

The first objective is to determine the correlation of the mobilization cost percentage with
cost growth, schedule growth, change order growth, and construction intensity. The other objective
of this study is to find the threshold level of mobilization cost percentage above which projects
have better cost growth, schedule growth, change order growth, and/or construction intensity.
3.5.2 Correlation test on mobilization cost data
The project performance variables are analyzed to choose the correct statistical test to
determine the correlation of mobilization cost percentage with project performance metrics. In this
data, outliers have been removed, the dependent and independent variables are continuous, and
each project data has a pair of values. Hence, the first three of the five assumptions of the Pearson
correlation test are satisfied. The linear relationship of cost growth, schedule growth, change order
growth, and construction intensity against mobilization cost percentage is checked by scatter plots.
Figures 3-2, 3-3, 3-4, and 3-5 show the scatter plots of cost growth, schedule growth, change order
growth, and construction intensity with mobilization cost percentage. The scatter plots show that
there is some linear relationship between the independent and dependent variables.
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Figure 3-2. Scatter plot of construction cost growth vs. mobilization cost percentage

Figure 3-3. Scatter plot of construction schedule growth vs. mobilization cost percentage
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Figure 3-4. Scatter plot of construction change order growth vs. mobilization cost percentage

Figure 3-5. Scatter plot of construction intensity vs. mobilization cost percentage
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3.5.2.1 Test of normality on mobilization cost data
The last assumption for the parametric test is that the data should be normally distributed.
The normality of the data is tested by the Shapiro Wilk test. The Pearson correlation test will be
carried out if the results from the Shapiro Wilk test show that the data is normal. A Spearman
correlation test will be conducted otherwise. The null hypothesis states that the data is normally
distributed across mobilization cost percentage, construction cost growth, schedule growth, change
order growth, and construction intensity. The results of the Shapiro Wilk test are shown in Table
3-5. The results show that the p-values for the mobilization cost percentage, construction cost
growth, schedule growth, change order growth, and construction intensity are less than 0.01, which
rejects the null hypothesis. Thus, the data are not normally distributed across the project variables,
which fails to meet the fourth assumption for using the Pearson correlation test. Hence, the
Spearman correlation test will be used to study the relationship of the mobilization cost percentage
with the construction cost growth, schedule growth, change order growth, and construction
intensity of highway projects.

Table 3-5. Results of the Shapiro-Wilk test to test the normality of mobilization cost data
No. Name of the variables
1
Mobilization cost percentage (%)
2
Construction Cost Growth (%)
3
Construction Schedule Growth (%)
4
Construction Change Order Growth (%)
5
Construction Intensity ($K/Day)
** Significant at alpha level 0.01
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Sample Size
206
206
206
206
206

Statistics
0.96
0.98
0.96
0.97
0.89

p-value
0**
0.003**
0**
0.001**
0**

3.5.2.2 Results of Spearman correlation test on mobilization cost percentage
A Spearman correlation test was conducted on the data, and the results are shown in Table
3-6. The results show that there is a weak negative correlation of mobilization cost percentage with
construction cost growth and schedule growth, with correlation coefficients -0.11 and -0.1,
respectively. However, the p-values of the correlation test for construction cost growth and
schedule growth were found to be 0.12 and 0.16, which are greater than 0.05. Hence, the
correlation results are not significant. Similarly, the test found a weak negative correlation of
mobilization cost percentage with construction change order growth and construction intensity,
with correlation coefficients -0.13 and -10.12, respectively. The p-values from the correlation test
were found to be 0.07 and 0.09 for change order growth and construction intensity, respectively.
As p-values were greater than 0.05, the correlation coefficient results were found as not significant.
The test failed to reject the null hypotheses. The test did not find any significant correlation of
mobilization cost percentage with project performance metrics.

Table 3-6. Results of Spearman correlation test for mobilization cost percentage

No.
1
2
3
4

Dependent Variables

Sample Size

Construction Cost Growth
Construction Schedule Growth
Construction Change Order Growth
Construction Intensity

206
206
206
206
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Correlation
Coefficient
-0.11
-0.1
-0.13
-0.12

p-value
0.12
0.16
0.07
0.09

3.5.3 Results of Mann Whitney U test on mobilization cost data
The Spearman correlation test did not find any significant correlation of mobilization cost
percentage with any of the project performance metrics. However, the project performance could
differ when the mobilization cost percentage crosses a certain threshold value. Additional
statistical analysis is necessary to determine if highway projects perform better in terms of
construction cost growth, schedule growth, change order growth, and construction intensity when
the mobilization cost percentage exceeds a certain threshold value. Therefore, a threshold value of
mobilization cost percentage should be chosen, and the projects grouped into two categories: one
with projects having mobilization cost percentage less than the threshold value; and the other with
mobilization cost percentage greater than or equal to the threshold value. The mobilization cost
percentage is set from 4% to 9% and the differences in means of construction cost growth, schedule
growth, change order growth, and construction intensity is tested.
As discussed earlier, the dataset satisfied the first two assumptions of the t-test. A
categorical group variable was formed to define projects under the threshold value of mobilization
cost percentage and above threshold value of mobilization cost percentage. The construction cost
growth, schedule growth, change order growth, and construction intensity are continuous
variables. The normality of the data in each group is tested using the Shapiro Wilk test, and the
results are shown in Table 3-7. Looking at a mobilization cost percentage of 4%, the projects with
mobilization cost percentage less than 4% are found to be normally distributed across construction
cost growth and change order growth, as the p-values from the Shapiro Wilk test were found to be
greater than 0.05. However, the projects with mobilization cost percentage greater than or equal to
4% were found not to be normally distributed, as p-values from the normality test were found to
be 0, which rejected the null hypothesis that the data is normally distributed. The data in both
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groups for construction schedule growth and construction intensity were found not normally
distributed, as p-values were less than 0.05. As data is not normally distributed in each group, a ttest could not be conducted, and the Mann Whitney U test should be conducted.
At the mobilization cost percentage of 5%, the p-value from the test for construction cost
growth with a mobilization cost percentage of less than 5% is greater than 0.05, which implies that
data is normally distributed in that group. However, for the projects with mobilization greater than
or equal to 5%, the p-value is 0.01, which shows that the data is not normally distributed. The pvalues from the test for construction schedule growth, change order growth, and construction
intensity in both groups of projects were found to be less than 0.05. Hence, the data was not found
to be normal in either group across all project variables. Looking at the p-values for both groups
of projects when mobilization cost percentage was fixed at 6%, 7%, 8%, and 9%, the authors can
conclude that the data was not found to be normally distributed in the group across construction
cost growth, construction schedule growth, change order growth, and construction intensity.
Hence, the Mann Whitney U test should be carried out to test significance in the difference of
medians of project performance metrics at different mobilization cost percentage thresholds.
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Table 3-7. Results of the Shapiro Wilk normality test to test the normality of projects with
mobilization cost percentage at 4%, 5%, 6%, 7%, 8%, and 9%

Groups

# of
sample

Construction
Cost Growth
Mob. < 4%
40
0.8
166
0**
Mob.  4%
Mob. < 5%
58
0.27
148
0.01**
Mob.  5%
Mob. < 6%
72
0.14
134
0**
Mob.  6%
Mob. < 7%
94
0.18
112
0.02*
Mob.  7%
Mob. < 8%
114
0.05*
92
0.06
Mob.  8%
Mob. < 9%
149
0.14
57
0.02*
Mob.  9%
** Significant at alpha level 0.01
* Significant at alpha level 0.05

p-values
Construction
Change Order
Schedule Growth
Growth
0**
0.07
0**
0*
0**
0.05*
0**
0**
0**
0.02*
0**
0.02*
0**
0.01**
0**
0.04*
0**
0.01**
0.03*
0.05**
0**
0.01*
0.02*
0.06

Construction
Intensity
0.01**
0**
0**
0**
0**
0**
0**
0**
0**
0**
0**
0**

Table 3-8 shows the mean and median values of construction cost growth, schedule growth,
change order growth, and construction intensity for the projects split into two groups by different
mobilization cost percentage threshold values from 4% to 9%. The projects with mobilization cost
percentage less than the threshold value are categorized into one group, and the projects with
mobilization cost percentage greater than or equal to the threshold value are categorized into
another group and Mann Whitney U test was conducted. The null hypotheses of Mann Whitney U
test are that the median values of project performance metrics of projects under and above the
threshold value of mobilization cost percentage are equal. At the mobilization cost percentage
threshold value of 4%, a significant difference in median values of construction cost growth,
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schedule growth, change order growth, and construction intensity were not observed, as p-values
were from the Mann Whitney U test were found greater than 0.05. Similar results were found when
increasing the threshold value of the mobilization cost percentage from 4% to 8%. When the
mobilization cost percentage threshold value was set at 9%, a significant difference in the median
value of schedule growth was found. The median value of schedule growth for the projects with
mobilization cost percentage less than 9% was found at 0%, and with mobilization cost percentage
greater than or equal to 9%, it was found at -5.5%. The p-value from the test was 0.003, which is
less than 0.01; hence, the difference in the median is highly significant. It shows that the projects
with mobilization cost percentages greater than or equal to 9% performed better in terms of
schedule growth compared to the projects with mobilization cost percentages less than 9%. The
mean schedule growth for the projects with mobilization cost percentage less than 9% was found
at 1.22%, and with mobilization cost percentage greater than or equal to 9%, it was found at 9.48%. The median value of cost growth for the group of projects under a 9% mobilization cost
percentage was found to be 1.6%, compared to 0.5% in the other group. The difference was not
significant, as the p-value from the Mann Whitney U test was found to be 0.07. A similar result
was seen in change order growth and construction intensity. As p-values were greater than 0.05,
the difference in medians of change order growth and construction intensity between two groups
of projects were not found significant.
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Table 3-8. Results of Mann Whitney U test to test the difference in medians of project performance metrics with mobilization cost
percentage at 4%, 5%, 6%, 7%, 8%, and 9%
Construction Cost
Construction Schedule
Change Order Growth (%)
Growth (%)
Growth (%)
Groups
Mean Median p-value Mean Median p-value Mean Median p-value
Mob. < 4%
40
3.07
3.5
-2.73
0
2.71
3.1
0.15
0.87
0.08
2.01
0.8
-1.5
0
1.7
1
Mob.  4% 166
Mob. < 5%
58
3.29
2.5
-2.94
0
2.66
2.7
0.12
0.54
0.14
1.79
0.8
-1.27
0
1.6
1
Mob.  5% 148
Mob. < 6%
72
2.88
1.8
-1.69
0
2.39
2
0.33
0.93
0.27
1.85
0.9
-1.77
0
1.63
1
Mob.  6% 134
Mob. < 7%
94
2.54
1.3
-0.63
0
2.44
2
0.5
0.68
0.15
1.94
1
-2.67
0
1.44
0.9
Mob.  7% 112
Mob. < 8% 114
2.25
1
0.75
0
2.2
1.6
0.92
0.07
0.5
92
2.17
1.3
-4.82
0
1.52
1.1
Mob.  8%
Mob. < 9% 149
2.75
1.6
1.22
0
2.26
1.8
0.07
0.003**
0.07
57
0.81
0.5
-9.48
-5.5
0.93
0.5
Mob.  9%
* Significant at alpha level 0.05
** Significant at alpha level 0.01
# of
sample
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Construction Intensity
($/Day)
Mean
Median p-value
51.6K
45.2K
0.11
42.6K
3.5K
49.8K
40K
0.12
42.2K
32.5K
47.2K
35.6K
0.33
42.8K
32.5K
48.4K
35.6K
0.11
40.9K
32.4K
48.1K
38.7K
0.5
39.8K
30K
44.8K
34.7K
0.46
43K
30.9K

3.5.4 Correlation test on mobilization cost data for projects with size < $5 million
As the first three of the five assumptions of the Pearson correlation test were already
satisfied with the overall data, the linearity and normality conditions should be fulfilled by the data
containing projects with completion costs less than $5 million to run the Pearson correlation test.
The linearity of the data is checked by scatter plots for construction cost growth, schedule growth,
change order growth, and construction intensity, against the mobilization cost percentage, which
are shown in Figures 3-6, 3-7, 3-8, and 3-9, respectively.

Figure 3-6. Scatter plot of construction cost growth vs. mobilization cost percentage for project
size < $5 million
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Figure 3-7. Scatter plot of construction schedule growth vs. mobilization cost percentage for
project size < $5 million

Figure 3-8. Scatter plot of construction change order growth vs. mobilization cost percentage for
project size < $5 million
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Figure 3-9. Scatter plot of construction intensity vs. mobilization cost percentage for project size
< $5 million

3.5.4.1 Test of normality on mobilization cost data for projects with size < $5 million
As was done with the overall data, the Shapiro Wilk test is conducted to see if the data is
normally distributed or not. The result of the Shapiro Wilk test is shown in Table 3-9. The results
from the Shapiro Wilk normality test are very similar to the results for the overall data. The pvalues for the mobilization cost percentage, construction cost growth, schedule growth, change
order growth, and construction intensity are less than 0.01, which rejects the null hypotheses. Thus,
the data are not normally distributed, and the Spearman correlation test will be used to study the
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relationship of the mobilization cost percentage with the construction cost growth, schedule
growth, change order growth, and construction intensity of highway projects.

Table 3-9. Results of Shapiro-Wilk test to test the normality of mobilization cost data for projects
with size < $5 million
No. Name of the variables
1
Mobilization cost percentage (%)
2
Construction Cost Growth (%)
3
Construction Schedule Growth (%)
4
Construction Change Order Growth (%)
5
Construction Intensity ($K/Day)
** Significant at alpha level 0.01

Sample Size
116
116
116
116
116

Statistics
0.96
0.96
0.95
0.97
0.88

p-value
0**
0**
0**
0.02**
0**

3.5.4.2 Results of Spearman correlation test on mobilization cost percentage for projects with
size < $5 million
The results of the Spearman correlation test are shown in Table 3-10. The correlation
coefficients of the mobilization cost percentages with construction cost growth, schedule growth,
change order growth, and construction intensity were found to be -0.11, -0.08, -0.15, and -0.16,
respectively, which show weak negative relationships. However, the correlation is not significant,
as the p-values were found greater than 0.05 and fail to reject the null hypotheses.
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Table 3-10. Results of Spearman correlation test for mobilization cost percentage for projects with
size < $5 million
No.
1
2
3
4

Dependent Variables

Sample Size

Construction Cost Growth
Construction Schedule Growth
Construction Change Order Growth
Construction Intensity

116
116
116
116

Correlation
Coefficient
-0.11
-0.08
-0.15
-0.16

p-value
0.22
0.38
0.09
0.11

3.5.5 Results of Mann Whitney U test on mobilization cost data for projects with size < $5
million
Another objective of this study is to find the threshold value of the mobilization cost
percentage above which the projects perform better, compared to projects having mobilization cost
percentages below the threshold value. Hence, the mobilization cost percentage threshold values
were fixed at 4%, 5%, 6%, 7%, 8% and 9%. The projects were split into two groups; one having
mobilization cost percentages less than the threshold value; and the other having mobilization cost
percentages greater than or equal to the threshold value. Then the differences in means of
construction cost growth, schedule growth, change order growth, and construction intensity
between the two groups were tested. The normality of the data in each group is tested to decide
whether to use a t-test or Mann Whitney U test. The results of the normality test done through the
Shapiro Wilk test are shown in Table 3-11. As discussed in the previous section, the p-values for
construction cost growth, schedule growth, change order growth, and construction intensity should
be greater than 0.05 in both groups from the Shapiro Wilk test results for the data in both groups
to be normal. The results show that for mobilization cost percentage threshold values at 4% and
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5%, the p-values for both groups of projects did not exceed a 0.05 value, which shows that the data
is not normal in either group. The projects in both groups for change order growth at mobilization
cost percentage 6%, 8%, and 9% were found normal, as p-values were greater than 0.05 in both
groups. However, the p-values for construction cost growth, schedule growth and construction
intensity in both groups of projects for mobilization cost percentages of 6%, 7%, 8%, and 9% were
not greater than 0.05. Therefore, the data in both groups of projects were not found to be normal,
and the Mann Whitney U test was used for testing the significance of the differences in median
values for the project performance metrics in both groups.

Table 3-11 Results of Shapiro Wilk normality test to test the normality of projects with
mobilization cost percentage at 4%, 5%, 6%, 7%, 8%, and 9% for projects with size < $5 million

Groups

# of sample

Construction
Cost Growth
Mob. < 4%
22
0.5
94
0**
Mob.  4%
Mob. < 5%
34
0.4
82
0**
Mob.  5%
Mob. < 6%
44
0.02*
72
0.01**
Mob.  6%
Mob. < 7%
54
0.06
62
0.03*
Mob.  7%
Mob. < 8%
62
0.05*
54
0.03*
Mob.  8%
Mob. < 9%
80
0.09
36
0.02*
Mob.  9%
** Significant at alpha level 0.01
* Significant at alpha level 0.05

p-values
Construction
Change Order
Schedule Growth
Growth
0.06
0.21
0**
0.03*
0**
0.4
0.2
0.04*
0.01**
0.07
0.02*
0.2
0.01**
0.05*
0.01**
0.3
0**
0.1
0.05*
0.15
0.02*
0.12
0**
0.09
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Construction
Intensity
0**
0**
0**
0**
0**
0**
0**
0**
0**
0**
0**
0**

The results of the Mann Whitney U at different mobilization cost percentage threshold
values at 4%, 5%, 6%, 7%, 8%, and 9% are shown in Table 3-12. The null hypotheses of Mann
Whitney U test are that the median values of project performance metrics of projects under and
above the threshold value of mobilization cost percentage are equal. The differences in the median
of construction cost growth, schedule growth, change order growth, and construction intensity
were not found significant at the mobilization cost percentage threshold values of 4%, 5%, and
6%. The difference in the median of construction cost growth and change order growth between
the two groups were not found significant at the mobilization cost percentage threshold values of
7%, 8%, and 9%. The difference in the median of construction intensity between the two groups
was found significant at a mobilization cost percentage of 8%, as the p-value from the test was
0.02. The median construction intensity for projects with mobilization cost percentages less than
8% was $24.4K per day, and that for projects with mobilization cost percentages above 8% was
$15.4K per day. The median value of schedule growth for the projects in the first group and second
group were -2.4% and -6.7%, respectively, at the mobilization cost percentage threshold value of
9%. Though difference in median values of schedule growth between two projects are observed,
the results were not found significant by the Mann Whitney U test, as p-values were greater than
0.05. Similarly, the mean schedule growth for the projects in the first group and second group were
-4.5% and -13.1%, respectively, at the mobilization cost percentage threshold value of 9%.
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Table 3-12. Results of Mann Whitney U test to test the difference in medians of project performance metrics for projects size < $5
million
# of
sample

Construction Cost
Growth (%)
Groups
Mean Median p-value
Mob. < 4% 22
1.6
0.6
0.4
1.11 -0.5
Mob.  4% 94
Mob. < 5% 34
2.02
0.9
0.24
0.86 -0.6
Mob.  5% 82
Mob. < 6% 44
1.9
0.5
0.3
0.78 -0.5
Mob.  6% 72
Mob. < 7% 54
1.7
0.3
0.4
0.76 -0.6
Mob.  7% 62
Mob. < 8% 62
1.33 -0.1
0.8
0.1
1.04
Mob.  8% 54
Mob. < 9% 80
1.76
0.4
0.24
-1
Mob.  9% 36 -0.05
* Significant at alpha level 0.05

Construction Schedule
Growth (%)
Mean Median p-value
-8.9
-3
0.7
-2.7
-6.7
-7.2
-3.2
0.86
-2.3
-7.1
-4.6
-2.6
0.4
-3.6
-8.7
-3.44
-2.7
0.3
-3.6
-10.4
-3.6
-2.1
0.14
-5.8
-11.2
-4.5
-2.4
0.12
-6.7
-13.1
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Change Order Growth (%)
Mean
1.87
0.7
1.55
0.66
1.53
0.55
1.91
0.06
1.67
0.06
1.31
0.05

Construction Intensity
($/Day)
Median p-value Mean Median p-value
2.2
30.5K 21.5K
0.17
0.4
0.2
26.6K 21.1K
1
30.1K 23.6K
0.3
0.13
0.22
20K
26K
0.9
29.9K 23.6K
0.3
0.13
0.1
20K
25.7K
0.9
28.9K 23.6K
0.09
0.1
0
18K
25.9K
0.7
29.8K 24.4K
0.21
0.02*
0.01
24.4K 15.4K
0.8
27.7K 21.4K
0.16
0.73
0
19K
26.6K

3.5.6 Correlation test on mobilization cost data for projects with size ≥ $5 million
To decide whether to use the Pearson correlation test or Spearman correlation test to find
a significant correlation of mobilization cost percentage with project performance metrics, the
linearity and normality of the data are tested. The linearity of the data is tested by plotting scatter
plots of the construction cost growth, schedule growth, change order growth, and construction
intensity against the mobilization cost percentage, as shown in Figures 3-10, 3-11, 3-12, and 3-13,
respectively, which show some linear relationships between the independent and dependent
variables.

Figure 3-10. Scatter plot of construction cost growth vs. mobilization cost percentage for project
size ≥ $5 million
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Figure 3-11. Scatter plot of construction schedule growth vs. mobilization cost percentage for
project size ≥ $5 million

Figure 3-12. Scatter plot of construction change order growth vs. mobilization cost percentage
for project size ≥ $5 million
90

Figure 3-13. Scatter plot of construction intensity vs. mobilization cost percentage for project
size ≥ $5 million

3.5.6.1 Test of normality on mobilization cost data for projects with size ≥ $5 million
The normal distribution of the data is checked by the Shapiro Wilk test. The results of the
Shapiro Wilk test are shown in Table 3-13, which shows that the p-values for mobilization cost
percentage, schedule growth, change order growth, and construction intensity are less than 0.01,
which rejects the null hypotheses. Thus, the data is not normally distributed across these variables.
Only construction cost growth passed the normality test, with a p-value of 0.2. As the data was not
found normally distributed across other variables, the Spearman correlation test will be used to
study the relationship of the mobilization cost percentage with the construction cost growth,
schedule growth, change order growth, and construction intensity of highway projects.
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Table 3-13 Results of Shapiro-Wilk test to test the normality of mobilization cost data for projects
with size ≥ $5 million
No. Name of the variables
1
Mobilization cost percentage (%)
2
Construction Cost Growth (%)
3
Construction Schedule Growth (%)
4
Construction Change Order Growth (%)
5
Construction Intensity ($K/Day)
** Significant at alpha level 0.01

Sample Size
90
90
90
90
90

Statistics
0.95
0.98
0.95
0.93
0.96

p-value
0**
0.2
0**
0.01**
0**

3.5.6.2 Results of Spearman correlation test on mobilization cost percentage for projects with
completion cost  $5 million
The Spearman correlation test conducted to find the correlation of the mobilization cost
percentage with the project performance metrics for the projects with completion costs greater than
$5 million did not find any significant correlation. The test results, as shown in Table 3-14, found
weak negative correlations of mobilization cost percentage with construction cost growth,
schedule growth, change order growth, and construction intensity, with correlation coefficients 0.11, -0.09, -0.16, and -0.08, respectively. However, the relations were not significant, as p-values
were greater than 0.05.
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Table 3-14. Results of Spearman correlation test for mobilization cost percentage for projects with
size ≥ $5 million

No.
1
2
3
4

Dependent Variables

Sample Size

Construction Cost Growth
Construction Schedule Growth
Construction Change Order Growth
Construction Intensity

90
90
90
90

Correlation
Coefficient
-0.11
-0.09
-0.16
-0.08

p-value
0.33
0.38
0.13
0.48

3.5.7 Results of Mann Whitney U test on mobilization cost percentage for projects with size 
$5 million
The threshold values of mobilization cost percentage were fixed at 4%, 5%, 6%, 7%, 8%,
and 9%. The projects were split into two groups based on mobilization cost percentages threshold
values. As shown in the results of the Shapiro Wilk normality test in Table 3-15, the data in each
group is normally distributed for construction cost growth for mobilization cost percentages at 4%,
5%, 6%, 8%, and 9%, except for mobilization cost percentage at 7%. The construction schedule
growth, change order growth, and construction intensity were found not to be normally distributed
in each group for mobilization cost percentages of 4%, 5%, 6%, 7%, 8%, or 9%, as the p-values
from the normality tests were found to be less than 0.05 in both of the two groups. As data was not
normally distributed, the Mann Whitney U test was conducted.
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Table 3-15 Results of Shapiro Wilk normality test to test the normality of projects with
mobilization cost percentage at 4%, 5%, 6%, 7%, 8%, and 9% for projects with size ≥ $5 million

Groups

# of sample

Construction
Cost Growth
Mob. < 4%
18
0.6
72
0.08
Mob.  4%
Mob. < 5%
24
0.34
66
0.3
Mob.  5%
Mob. < 6%
28
0.87
62
0.33
Mob.  6%
Mob. < 7%
40
0.6
50
0.04*
Mob.  7%
Mob. < 8%
52
0.3
38
0.4
Mob.  8%
Mob. < 9%
69
0.7
21
0.4
Mob.  9%
** Significant at alpha level 0.01
* Significant at alpha level 0.05

p-values
Construction
Change Order Construction
Schedule Growth
Growth
Intensity
0.05
0.7
0.7
0.01**
0**
0.01**
0.04*
0.6
0.04*
0.01**
0**
0.02*
0.03*
0.27
0.1
0.02*
0**
0.03*
0.01*
0.3
0.02*
0.03*
0**
0.02*
0*
0.05**
0.01*
0.1
0**
0.2
0*
0**
0.04*
0.34
0.04*
0.3

The threshold values of the mobilization cost percentage were at set 4%, 5%, 6%, 7%, 8%,
and 9% to split the projects into two groups. One group included projects with a mobilization cost
percentage less than the threshold value, and the other group included projects with a mobilization
cost percentage above the threshold value. The Mann Whitney U test was conducted to determine
if the differences in the medians of project performance metrics between two groups were
significant or not. The null hypotheses of Mann Whitney U test are that the median values of
project performance metrics of projects under and above the threshold value of mobilization cost
percentage are equal. The results of the Mann Whitney U test are shown in Table 3-16. The test
did not find any significant difference in the medians of any project performance metrics at the
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mobilization cost percentage threshold values of 4%, 6%, or 8%. At the mobilization cost
percentage threshold value of 5%, the median value of construction intensity for the first group
was $69.1K per day, and for the second group it was $52.3K per day. The difference in median
values was found significant at a p-value of 0.05. Similarly, at the mobilization cost percentage
threshold value of 7%, the difference in median construction intensity between the two groups was
found significant at a 0.03 p-value. At the mobilization cost percentage threshold value of 9%, the
median value of schedule growth of the projects with mobilization cost percentages under the
threshold value was 2.7%, and for projects with mobilization cost percentage above the threshold
value, the median schedule growth was -0.1%. The difference in median values was found
significant at a p-value of 0.02. Similarly, the mean schedule growth for the project under and
above 9% threshold value of mobilization cost percentage were 7.84% and -3.3% respectively.
However, the differences in the medians of construction cost growth, change order growth, and
construction intensity were not found significant. The results show that the projects performed
better in terms of schedule growth when mobilization costs percentage is over 9%.
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Table 3-16. Results of Mann Whitney U test to test the difference in medians of project performance metrics for projects size ≥ $5
million
# of
sample

Construction Cost
Construction Schedule
Change Order Growth Construction Intensity ($/Day)
Growth (%)
Growth (%)
(%)
Groups
Mean Median p-value Mean Median p-value Mean Median p-value
Mean
Median p-value
Mob. < 4%
18
4.9
5.7
4.82
0
3.76
4.2
77.5K
73.3K
0.13
0.8
0.3
0.1
2.2
1
2.6
52.3K
72
3.2
5.33
3
63.4K
Mob.  4%
Mob. < 5%
24
5.09
5
3.12
0
4.22
3.9
76.8K
69.1K
0.2
0.6
0.2
0.05*
2.3
1.2
2.6
52.3K
66
2.95
6
2.76
62.4K
Mob.  5%
Mob. < 6%
28
4.46
4.5
2.87
0
3.74
3.4
74.3K
65.1K
0.4
0.5
0.3
0.1
2.3
1.3
2.6
53K
62
3.1
6.3
2.88
62.6K
Mob.  6%
Mob. < 7%
40
3.68
4.2
3.16
0
3.14
2.8
74.7K
66.2K
0.6
0.5
0.6
0.03*
2.3
1.3
2.6
49.2K
50
3.39
6.99
3.15
59.5K
Mob.  7%
Mob. < 8%
52
3.34
2.5
5.92
1.5
2.83
2.6
69.8K
62.3K
0.8
0.4
0.5
0.16
2.8
0
2.9
51.6K
38
3.77
4.2
3.5
61.4K
Mob.  8%
Mob. < 9%
69
3.9
3.7
7.84
2.7
3.37
2.7
64.7K
56.3K
0.3
0.02*
0.4
0.7
2
-0.1
2.6
61.7K
21
2.27
-3.32
2.42
71.2K
Mob.  9%
* Significant at alpha level 0.05
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3.6

Conclusions
The purpose of this research was to investigate the influence of mobilization cost on cost

and schedule performance metrics in highway projects, and to determine if mobilization costs
improves the cost growth, schedule growth, change order growth, and construction intensity of
highway projects. Project data for 109 and 97 completed highway projects were collected from
Nevada DOT and Texas DOT, respectively. The hypotheses were created to test the correlation of
mobilization cost percentage with construction cost growth, schedule growth, change order
growth, and construction intensity, and Spearman correlation tests were done to test them. The
results showed that there was not any significant correlation of mobilization cost percentage with
any of the project performance metrics.
As the data were not normally distributed, a Mann Whitney U test was carried out to
determine the significance of the difference in median values of construction cost growth, schedule
growth, change order growth, and construction intensity at different threshold values of
mobilization cost percentage, set at 4%, 5%, 6%, 7%, 8%, and 9%. The projects with mobilization
cost percentages less than the threshold value were grouped together, and the projects with
mobilization cost percentages above the threshold value were put into another group. The Mann
Whitney U test results showed that when the mobilization cost percentage was at 9%, the
difference in median of schedule growth was significant. The projects with mobilization cost
percentage less than 9% had a median schedule growth of 0%, while the other group with
mobilizations greater than or equal to 9%, had a mean schedule growth of -5.5%, which shows
that the projects performed better in terms of schedule when the mobilization cost percentage was
greater than 9%.
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The data were split into two groups based on project size. One group was created with a
project completion cost of less than $5 million, and the other group with a project completion cost
greater than or equal to $5 million. Spearman correlation tests done on both groups of data did not
find any significant correlation of mobilization cost percentage with any of the project performance
metrics. The Mann Whitney U test for projects with completion costs less than $5 million found
that there was a difference in median schedule growth for projects with mobilization cost
percentage less than 9% and projects with mobilization cost percentage greater than 9%, but the
difference was not significant. However, there was a significant difference in median schedule
growth between the two groups of projects at the threshold value of mobilization cost percentage
at 9%, for projects with completion costs greater than or equal to $5 million.
At a 9% threshold value, the mean schedule growth for projects with mobilization cost
percentages above threshold value was found to be -9.45% for the overall data, -13.1% for projects
with completion costs under $5 million, and -3.32% for projects with completion costs above $5
million. An increase in mobilization cost had a significant impact on decreasing schedule growth,
and schedule growth was much better for smaller projects compared to larger projects. This shows
that mobilization cost had a huge impact on the schedule performance of smaller-sized projects.
Mobilization cost helps construction firms and contractors start the projects by addressing financial
issues. Generally, smaller firms are more involved in small-sized projects, and they need proper
management of financial resources for the smooth operation of highway projects. Larger firms are
not significantly helped by mobilization cost, as they are usually financially sound and have
resources, equipment, tools, technology, and manpower at their disposal. Large firms generally
work on large-highway projects due to their size and experience. The results of this statistical
analysis show that mobilization cost has a significant impact on the schedule performance of
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highway projects, especially those in which smaller firms and contractors could have been
involved. Past studies from Al-Kharashi and Skitmore (2009), Aje et al (2017), Hussin and Omran
(2009) found that low mobilization cost was reason behind schedule delay in construction projects.
The results of statistical analysis of this study also found that mobilization cost helps in finishing
projects within estimated duration if the mobilization cost percentage is over 9%.
The findings of this study will help state DOTs to improve the performance of highway
projects by making necessary amendments regarding rules related to mobilization cost. Further
study is needed with more data from various other states related to mobilization cost, along with
the types of projects and type of contractors involved in the projects, as well as in-depth analysis,
which will give a broader view on the impact of mobilization cost on highway project performance.

99

CHAPTER 4: CONCLUSIONS
4.1

Conclusions
This study conducted a comprehensive statistical analysis of DBE participation and

mobilization cost data of highway projects from the Texas DOT and Nevada DOT. This
exploratory research on DBE data found that DBE participation percentage has a positive
correlation with schedule growth and a negative correlation with change order growth, but there
was not a significant correlation of DBE participation percentage with cost growth and
construction intensity. An increase in DBE participation percentage caused an increase in schedule
growth, but a decrease in change order growth. However past studies by Kishore and Abraham
(2009) found that DBE participation increased the cost of the highway projects and Marion (2007)
found that procurement cost increased when small businesses were given 5% bid preferences. It
was also found that projects with DBE participation performed better in terms of schedule growth
and change order growth for highway projects with completion costs under $5 million compared
to highway projects with completion costs over $5 million. Their small business size or lack of
experience could be reasons behind poor performance in larger highway projects. However, an indepth analysis of data collected from other state DOTs is recommended. Detailed analysis is
required to determine both seen and unforeseen factors that cause DBE participation to affect the
project performance of highway projects. This will help in proper planning, as well as forming
rules and regulations regarding DBE, not only to promote DBE participation in highway projects,
but also to improve the overall performance of highway projects.
The analysis on the mobilization cost data of highway projects did not find any significant
correlation of mobilization cost percentage with construction cost growth, schedule growth,
change order growth, or construction intensity. However, the statistical analysis found that the
100

highway projects performed significantly better in terms of schedule growth when the mobilization
cost percentage was over 9%. This result concurs with the past studies by Al-Kharashi and
Skitmore (2009), Aje et al (2017), Hussin and Omran (2009) who found that low mobilization cost
was reason behind schedule delay in construction projects. For the projects with mobilization cost
percentages over 9%, the mean schedule growth for overall projects, projects with completion
costs under $5 million, and projects with completion costs over $5 million were -9.45%, -13.1%,
and -3.3%, respectively. This shows that mobilization cost helped smaller highway projects
perform better in terms of schedule growth, compared to larger highway projects. One of the
reasons behind this result could be the involvement of small-sized businesses in small projects. As
small-sized businesses aren’t usually financially strong, mobilization costs help them manage a
project efficiently. Larger businesses, which are usually financially sound, work on large projects,
and mobilization cost does not make a significant difference to their financial status. This could
be the reason behind the lesser impact of mobilization cost on the schedule performance of largehighway projects. Further study is recommended with data collected from other state DOTs, along
with information related to the size of projects, the nature of contractors, and other relevant
information regarding highway projects, which will provide qualitative analysis results on the
impact of mobilization cost on highway project performance.
4.2

Limitations and future work
The data collected for this study is limited to Nevada DOT and Texas DOT only.

Information on 133 highway projects that had information regarding DBE participation were
collected from Nevada DOT only. After removing the outliers, data for only 109 highway projects
remained for analysis. For the analysis of mobilization cost, data from 97 highway projects from
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Texas DOT along with 109 highway projects from Nevada DOT were used. The results of this
study may not be applied to highway projects in other states.
In case of mobilization cost analysis, the contracts of the highway projects from Texas
DOT were awarded from 2013 to 2019 and the projects were completed were in 2019 while the
contract award dates of the highway projects from Nevada DOT ranged from 2008 to 2016 and
the projects were completed in different dates. Different DOTs may have used different
construction methods, construction technologies, software tools, etc. used in the highway projects
and those construction methods and technologies may have been changed or upgraded multiple
times over the years. While we have analyzed the impact of mobilization cost on project
performance, we have not considered the factors like variation of construction methods and
technologies used in highway projects in different state DOTs over years that could have affected
the performance of highway projects in this study.
There could have been numerous factors that affected the performance of the projects
which were not taken in account in this analysis. This is just an empirical study and studies the
correlation of DBE participation and mobilization cost with project performance metrics.
However, this study does not show causation. This study did not analyze why and how DBE
participation affected schedule growth and change order growth and mobilization cost affected
schedule growth. This study did not investigate whether the difference observed in mean values of
schedule growth and change order growth in two types of projects were due to DBE participation
and mobilization cost. Further study is recommended with larger set of data on DBE participation
and mobilization cost from other state DOTs which will generate robust results. The detail
information on highway projects data along with the factors that affected performance of those
projects, technology used, construction methods used, etc. will provide distinct results if the
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projects are impacted by DBE participation and mobilization cost or due to other factors as well.
There could have been different factors like size of the contractor, experience of the contractor,
etc. that affect the impact of DBE participation and mobilization cost on highway projects.
Inclusion of those factors in the future study will help us understand why DBE participation and
mobilization cost affects the performance of highway projects.
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